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look at our new PAL 20D series, the fastest see our new 24-pin ZPAL"” circuits. With zero 

TTL PAL circuits on the market today. standby power, they’re the industry’s first 

With a maximum propagation delay of 10ns, “true” CMOS PAL devices. 

they're 33% faster than our 20B series. At no Now, if you'll just save the following 

increase in power consumption. address and phone number you can contact us 
Maybe you want to savea dozen partsor _ for your free copy of our new PAL Handbook. 

so. Then there’s our new PAL32VX10, a Monolithic Memories, 2175 Mission 


pin-compatible superset of the 22V10. It has College Blvd., Santa Clara, CA 95054. 
10 user-configurable input/output macrocells, (800) 247-6527 x6005. 


with a programmable flip-flop that can oper- It could be the answer to your prayers. 
ate as D, T) S-R or J-K types, and can even be _—— 
buried. So it’s perfect for state machine design. Monolithic 


And if you want to save power, you should 


emories 


ZPAL is a trademark and PAL and PALASM are registered trademarks of Monolithic Memories, Inc. © 1986, Monolithic Memories, Inc. 
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allelujah. 

Monolithic Memories’ new PAL’ 
Device Handbook is here. And it’s full of ways 
to save your system time, parts and power. 

There’s more programmable logic than 
you'll find anyplace else. More architectures. 
Process technologies from ECL and TTL 
to CMOS. All supported by PALASM® 2 CAD 
software. 

You'll also find three new families of PAL 
devices that can save your system in ways 
nothing else can. 


Say you want to save time. Then take a 
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dc to 3GHZ 


e less than 1dB insertion loss over entire passband 

¢ greater than 40dB stopband rejection 

¢ 5 section, 30dB per octave roll-off 

¢ VSWR less than 1./ (typ Luis 


- over 100 models, immediate delivery P.0, Box 166, Brookiym’ New York 1338 (718) 984-4806 
* meets MIL-STD-202 Domestic and International Telexes: 6852844 or 620156 
¢ rugged hermetically sealed package (0.4 x 0.8.x 0.4 in. CIRCLE NO 7 


¢ BNC, Type N, SMA available 


LOW PASS Model 


Min. Pass Band (MHz) DC to 
Max. 20dB Stop Frequency (MHz) | 19 


Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49) 


HIGH PASS Model 


Pass Band (MHz) sa oe 


Min. 20dB Stop Frequency (MHz) 


2645295 99 


Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49) 
© Prefix P for pins, B for BNC, N for Type N, S for SMA : C105 REV. B 
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de to 2000 MHz 
amplifier series 


SPECIFICATIONS 


Model Frequency Gain, dB Max. Power NF  Price$ Unbelievable, until Now. . tiny monolithic wide- 

| ne i i alee 4 on ae ea OTE amplifiers for as low as 99 cents. These rugged ~ 
MAR-1 —_ DC-1000 13 0 5.0 0.99 (100) 0.085 in.diam.plastic-packaged units are 500ohm 
MAR-2 — DC-2000 8.5 +3 65 1.50 (26) input/output impedance, unconditionally stable 
MAR-3 — DC-2000 8 +8 6.0 1.70 (25) regardless of load’ and easily cascadable. Models 
MAR-4 — DC-1000 7 +11 7.02? 590" (25) in the MAR-series offer from 7 to 21dB gain, 
MAR-7 — DC-2000 8.5 +4 50 190 (25) O to +11dBm output, noise figure as low as 3.5dB 
MAR-8 DC-1000 21 +10 35 220 (25) (5.5d0B typical), and up to DC-2000MHz bandwidth. 


*3:1 load VSWR for the MAR-8 


Also, for your design convenience, Mini-Circuits _ 


designers amplifier kit, DAK-1 = ers chip coupling capacitors at 12 cents each* 


va Size Tolerance Temperature Value 
5 of each model, total 30 amplifiers (mils Characteristic 
80 x 50 5% NPO 10, 22, 47, 68, 100, 470, 680, 1000 pf 
| A9 99 80 x 50 10% X7R 2200, 4700, 6800, 10,000 pf 
Only : 120x60 10% X7R 022, .047, .068, uf 
) * MINIMUM ORDER 50 PER VALUE 
Typical Biasing Configuration - finding new ways... 
se nae seh Standards 
[cour A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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On the cover: Static RAMs are now 
achweving impressive speeds and densities, 
moreover, many are offering application- 
specific features. See pg 128. (Photo 
courtesy Advanced Micro Devices) 
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DESIGN FEATURES 
Special Report: Static RAMs 128 


Innovation is driving the market for static RAMs, providing 
designers with an assortment of memory devices that sport a variety of 
features—including speed/density combinations that challenge 
dynamic-RAM performance. Continuing improvements in fabrication 
processes promise even further advances in important static-RAM 
specs.—] D Mosley, Regional Editor 


Use statistics to test 143 
communications systems efficiently 


Unless you use statistics, it’s virtually impossible to determine just 
how many measurements are required for an accurate test of a system 
like a telecommunications receiver. In fact, you’re probably testing 
your systems more than you have to.—R F Cobb, Harris Corp 


Instrumentation amp suits 157 
wide range of circuit designs 


The latest monolithic instrumentation amplifiers (IAs) ease the 
design of a variety of high-input-impedance circuits. Data acquisition, 
overvoltage protection, current sensing, the driving of current loops, 
programmable gain amplification—all of these applications can benefit 
from IAs’ improved performance specs.—Rod Burt, Burr-Brown Corp 


Interface your PC to the Multibus 167 


Even if you don’t have a full set of development software for your 
Multibus system, you can still test your Multibus products: A hard- 
ware interface between an IBM PC and a Multibus system will let you 
run your Multibus test programs on the IBM PC.—William H Robert- 
son, KLA Instruments Corp 


Low-power op amp delivers 185 
precision at low signal levels 


Single-supply and battery-powered designs often have high signal im- 
pedances and low signal voltages, so they demand low input currents 
and precision amplification. To obtain precise performance in your 
low-power circuits, you can use an op amp that draws 15 pA of quies- 
cent current.—Derek F Bowers, Art Kapoor, and Andrew Jenkins, Precision 
Monolithics Inc 


Continued on page 7 
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Pushbutton e Slide e DIP 


C&K is the industry leader in the manufacture of miniature and subminiature 
instrument grade switches, and is now leading the way in surface mounting 
technology. These C&K sealed switches require no special steps for installa- 


tion. Just solder and clean with other components. UL/CSA listing is available 
on most models. 


Consult factory with your specific surface mounting application needs. C&K’s 
Sales and engineering staff is ready to assist with your design requirements. 


Send for complete information, sample and literature. (617) 964-6400 


C&K Components, Inc. | 
15 Riverdale Avenue, Newton, MA 02158-1082 


6 The Primary Source Worldwide”. CIRCLE NO 9 7 : . . 
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TECHNOLOGY UPDATE 


Design steps improve effective resolution 61 
of digitizing scopes, waveform digitizers 

High-performance oscilloscopes and waveform digitizers are incor- 
porating low-noise designs and other techniques, such as averaging 
and lowpass filtering, to increase their vertical resolution.—Chris 
Everett, Regional Editor 


Modern stepper-motor systems provide 85 


Thanks to improved microstepping precise position control and resolution 


} tepper motors are now com- ny aa am 
eclnIeS,, STDP eg In addition to an inherent ability to accurately control position, to- 
peting with servo systems in high- 


performance applications (pg 85). day’s stepper motors are taking advantage of new microstepping-drive 
techniques and the resulting higher resolution to find increased use in 
computer-peripheral and industrial-robotic applications —Iom Ormond, 


Sentor Editor 
Intelligent Peripheral Interface standard 105 


permits data-transfer rates of 10M bytes/sec 


High-end peripheral products, especially Winchester disk drives, 
have outgrown such I/O interface standards as the Storage Module 
Device and Enhanced Small Device Interface standards. The In- 
telligent Peripheral Interface is a high-performance alternative. 
—Maury Wright, Regional Editor 


PRODUCT UPDATE 


16-bit multiplying DAC 117 
Repeaterless fiber-optic links 18 


DESIGN IDEAS 


EPROM enhances TMS32010 »C’s memory 231 
Detector measures acoustic-wave speed 232 
JFET controls latched DAC during turn-on 234 
Circuit checks remaining battery capacity 236 
Circuit counts pulses for uP system 238 

Continued on page 9 
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Now get the best 
of both worlds, analog 
and digital, in one familiar, 
easy-to-use package. With 
the 100 MHz Tek 2230 and 
60 MHz 2220 you benefit 
from 20 MS/s aigitizing plus 
analog operation to each 
scopes bandwidth. Just 
push a button for real-time 
display analysis! 

Expect the most for your 
money— and get it—with 
Tek. You can capture events 
as narrow as 100 ns at any 
sweep speed—using leks 
proprietary peak detect 
mode. Trigger on complex 
waveforms using variable 
sweep holdoff. View events 
prior to or following a trigger 
event with pre/post trigger. 
Eliminate noise with built-in 
signal averaging. Store 
acquired waveforms as 
either 1K or 4K records. All 
with unrivalled convenience 
and confidence in your 


econ 29S RS NTE SETTERS TSOYA SPR TA YEOPOD SPAN tA SDN My MOEA SAEOESEERSDY ESOP} EDDY PEEP TC TOUTES SPST YEOPIEP PO TEP AP AS tA GAA ESAS ESBS ASABE SEDATE ESTATES SBT ESOT AAS 


8 


Hapeto i ipstielahsei patina teebnp wsicpei 


ee TT 


2230 sar 


Features 


Analog/Digital Storage BW 


Max. Sampling Speed 20 MS/s 20 MS/s 


Record Length 4K/1K (selectable) 4K 


Save Reference Memory — 


One, 4K 
Three, 1K 


Vertical Resolution 


Pee sw: ~~ Bits 
10 bits (AVG mode) 
12 bits (AVG mode over bus) 


CRT Readout 


Cursor Measurements 


Yes (storage mode) No 


GPIB/RS-232-C Options Yes ($850) Yes ($550) 
Battery- Backed Memory Yes (inc. with 2230 No 
(Save 26 waveform sets) | communications options) 

Price $5150 $41 50 
measurement results. option the 2230 also 


Both scopes offer 
optional GPIB or RS-232-C 
interfaces. With either 


includes battery-backed 
memory that provides 26Kof 
keep-alive CMOS memory 
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Copyright © 1986, Tektronix, Inc. All rights reserved. TXA-694A 
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—for storing up to 
26 waveform sets. 
Call Tek direct to 
get your free video or 
diskette demo. Or to place 
an order! Ask about free Tek 
digital storage application 
notes and educational 
materials. Technical person- 
nel will answer your ques- 
tions, take an order and 
expedite delivery. Orders 
include complete documen- 
tation, operating manuals, 
worldwide service back-up 
and Tek's 3-year warranty 
that even covers the CRT. 


Call Tek direct: 
1-800-433-2323 for video 


or diskette demo 


1-800-426-2200 


for orders and/or 
technical advice 


In Oregon, call collect: 
1-627-9000 


Tektrone 
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EDITORIAL 52 


Before the US gets back into space, we must develop new launch 
vehicles and find an inspirational champion of space exploration. 
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born in Europe 
approach to ASICs, 


A new force with new ideas and new 
capabilities. Advanced Silicon Corporation: a 
full-service custom-IC company. The industrial 
partner that can help you define your 
specification and deliver fully tested 
production-quantity ICs in just a few months. 
Enabling you to have better, more reliable 
systems earlier on the market. Simpler, quicker, 
cheaper than you think! 


Turn systems containing over 100 000 
transistors into tailor-made VLSI circuits. 
With a choice of processes and foundries giles 
to fit your application exactly. - 


Let one of our ‘ 
marketing engineers be the ‘ 
interface in translating your % 
system ideas into silicon. He'll supervise the 
design from spec to silicon — and beyond. 
Ready to adapt as market conditions dictate, 
keeping your product on the leading edge. 


The new force in ASICs is: 
Advanced Silicon Corporation (ASiC) VA 
Villa “Waalheuvel” Rijksstraatweg 24 raf 
6574 AD Ubbergen The Netherlands ‘7%... 
Tel: 31(0)80 228212 Telex: 48592 asic nl sscko 
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Space and power efficiency. 


V28 IC combines 3 drivers and 3 receivers 
in a single CMOS chip. It’s the MC145406. 


Motorola’s new MC145406 silicon-gate 
CMOS Driver/Receiver IC for the first 
time combines 3 drivers and 3 receivers 
on a small single chip to meet the electri- 
cal specs of EIA RS-232-C and CCITT V.28. 

Anyone designing communications 
equipment where low power and space 
savings are important, such as digital 
telephones, portable computers or line- 
powered modems, will discover nothing 
can do the job better. 


Low power: 15 mW CMOS 
vs. 706 mW bipolar. 


It’s the low-power CMOS technology 
of the MC145406 that requires a maximum 
of only 15 mW compared to the 706 mW 
required by a common bipolar pair pre- 
viously used to accomplish the same job. 

There’s no comparable choice for new 
low-power designs, and you reduce 
package requirements at the same time. 


Space-saving package alternative. 


Original availability of the MC145406 
was in the traditional 16-pin dual in-line 
package. 

Now, for even greater space savings, 
this low-power CMOS IC is also available 
in the 16-pin SOIC package. 
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Drivers. 


MC145406 drivers offer true TTL input 
compatibility, a slew-rate-limited (30 V/us 
max.) output circuit that requires no 
external capacitors and a 300 ohm power- 
off source impedance. 


Receivers. 


The on-chip receivers can handle up 

“1 tothe CCITT-required 15 
volts, while presenting 
impedance over a 3-to-7 
kilohm range. 

They will level-shift 
voltages between -15 and 
+15 volts down to TTL 
logic levels from 0 to +5 
volts: also from TTL levels 
to voltage levels propor- 
tioned to the high-voltage 
supplies applied to the 
device. Input switchpoint 
hysteresis gives the 
receivers a significant 
assist in reception of noisy 
signals. 


No better DCE interface device. 


This incomparable driver/receiver 
provides all the necessary level-shifting 
between the TTL logic levels of your 
product and the high voltage levels of 
V.28 equipment. It’s finding new applica- 
tions from PABX to remote telebanking 
and from key systems to multiplexers, 
limited-distance modems and computer 
networks. 

And, regardless of the application, the 
MC145406 has the same latch-up protec- 
tion of over 100 mA. Testing also displays 
exceptional reliability in temperature/ 
humidity performance. 

For direct discussion on design-in 
of this cost-effective MC145406 CMOS 
driver/receiver IC, contact your 


Motorola sales ; 
office. For pub- We Le 
nyour 


lished technical 

information, write ; 
eslVUn-In 

team. 


or send the com- 
pleted coupon to 
Motorola. 


(A) MOTOROLA INC. 


European Semiconductor Group 


elantastatententani taceart etex tre teaenier eee teria teenie 


Write To: Motorola Ltd., European Literature Centre, 88 Tanners Drive 


Name 
Title 
Company 
Address 


City 


Country 
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Blakelands, Milton Keynes MK14-5BP, United Kingdom 


[1] Please send me technical information on the MC145406. 
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ANALOG IS ALIVE 
AND WELL IN: 
A_Designer’s Guide to 
Innovative Linear Circuits 


As exciting as digital technology is, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN 1s offering a 
wealth of analog design information 
in A Designer’s Guide to Innovative 
Linear Circuits. 
This 186-page collection of articles a 
was developed by Jim Williams, one | 
of America’s foremost linear-circuit 
designers. It includes practical and 
efficient ways to use op amps, com- 
arators, data converters, and other 
analog ICs, and discusses the the- 
ories behind all the design tech- 
niques presented. 
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High-Tech 
Take-Away 


The portability and low price of our 
PM 3632 brings logic analysis within 
reach of every user in industry and 
education. 

But not at any cost in performance. 

Because this remarkable personal 
logic analyzer out-performs all other 
instruments in its class on the market! 

Compare some of the benefits of 
this ‘high-tech take-away’ for yourself: 
= 100 MHz acquisition speed, or up to 
32 channel data width cover demand- 


ing state/time applications in digital 


systems. 
m Wide ranging microprocessor sup- 


port (incl. 68000/68010 and 8086/ 
8087/8088 16-bit devices) and ROM 
emulation enhance operational ver- 
satility. 

= Powerful tiggering andmenu-driven 
operation combined with status dis- 
play, screen prompts and fingertip 


control provide easy user access to 
full-function logic analysis. 


Philips, one of the world’s largest elec- 
tronic companies, is a major innovator, 
manufacturer and user of precision 
test and measuring instrumentation. 


So product credibility in technology, 


usability and reliability is assured. 


Test the difference and you'll 
agree that Philips wins on price and 
performance! 


Write to: Philips I & E, T & M department, Building 
HKF70, 5600 MD Eindhoven, The Netherlands or call 
your local supplier: Austria (222) 629141-0; Belgium (2) 
5256692/94; Denmark (1) 572222; Finland (0) 5257225; 
France (1) 48301111; Germany (561) 5010; Great Britain 
(0223) 358866; Ireland (1) 693355; Italy (39) 36351; 
Netherlands (40) 782808; Norway (2) 680200; Portugal (1) 
683121, Spain (1) 4042200; Sweden (8) 7821800; 
Switzerland (1) 4882211 


PM 3632 logicanalyzer 


PHILIPS abe ee Oe LI PS 
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Semicustom | 
Integrated Circuits 
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On Guard! 
For fast, simple, 


secure DMM. 
measurements! 


With true fully guarded inputs, parasitic 
lead voltages and common mode noise 
are completely eliminated from Philips’ 
system-concept multifunction instru- 
ments :the PM 2534, for high accuracy sys- 
tem and bench applications,and PM 2535, 
for high accuracy applications demand- 
ing data collection and post processing. 
Other features include: 
= Choice of 7 measuring functions (both 
models), front or rear inputs, 61/2-digit 
guarded sensitivity with 100 nV resolution 
on a 300mV measurement or high speed 
3 1/2-digit measurements at 100 per sec. 
IEEE-488 interface with simple English 
programming and scanner control ext. 
= Datacollection, calculation and control — 
additional facilities of the PM2535 — pro- 
vide: measurement scaling; 10 non-vola- 
tile instrument set-ups; constantly-active 
999 measurement buffer and direct scan- 
ner control without using a computer. 


Test the difference 


= Product credibility in technology, tech- 
nique, quality and service is assured be- 
cause both the PM 2534 and PM2535 are 
backed by the vast corporate resources 
of one of the world’s largest electronics 
companies. 


Test the difference and you'll also 
agree that Philips wins on price and 
performance! 


Write to: Philips I&E, T&M Department. 
Building HKF/55.5600 MD Eindhoven. 
The Netherlands: 040-78 28 08 
Germany: (0561) 50 14 86 
Great Britain: 0223-35 88 66 
France: 01-4830 11 11 
Belgium: 02-525 6692/525 6694 
Switzerland: 01-488 22 11 
Italy: 039-3635240/8/9 


PHILIPS 


CIRCLE NO 16 7 


pHitips| lest & 
Measurement 


The uPD612X Series 


Get Gol 
with Remote 


ontrol 


Remote 
control is 
the name of the game when it comes 
to quick and efficient manipula- 
tion of audio-visual equipment and 
other home or office appliances. 
And NEC’s new CMOS-based 
wPD6124/5/6 Series is the infrared 
remote control transmitter that 
combines pro- 


rammability with 
upp 20 PIN —. 
ee) eee | small packaging 


and low power con- 
sumption. Excellent 
performance stems 


pPD | ¢, | 24 PIN MINIFLAT 
6125 ORSLIMDIP _ 
uPD 28 PIN | 
6126 MINIFLAT 


West Germany: Dusseldorf 02 11/65 03 01, Telex 8 58 996-0 
The Netherlands: Eindhoven 0 40/44 58 45, Telex 51923 


France: Paris 01/39 46 96 17, Télex 699 499 
Italy: Milano 02/67 09 108, Telex 315 355 
Sweden: Taby 08/73 28 200, Telex 13 839 

UK: Milton Keyes 09 08/69 11 33, Telex 777 565 
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from a 
1024 x 10 
bits program memory, 32 x 4 bits 
data memory, and a large instruc- 
tion set. A standby mode plus low 
operating voltage reduces battery 
design to a minor detail. 

The pPD612X Series features 32, 
64 or 96 key inputs. All remote 
control commands and functions 
are programmable and the trans- 
mission format can be customized. 
The operating frequency is either 
38 or 58 KHz. 
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EDITED BY JOAN MORROW 
SYSTEM MEASURES PHASE NOISE OVER 5 MHz TO 18 GHz 


The HP 3048A phase-noise measurement system measures random-noise amplitude 
and discrete, spurious signals on carriers ranging from 5 MHz to 1.5 GHz. Over a 
0.01-Hz to 1-MHz frequency offset range, it measures to within 2 dB; above a 1-MHz 
frequency offset, it measures to within 4 dB. An optional $2200 microwave phase 
detector extends the operating range of the system to 18 GHz. An HP 98580A desktop 
computer ($9625) controls the phase-noise measurement system, automatically con- 
figures the integral frequency-synthesized signal generator, calibrates the overall 
system with a user-selected calibration routine, applies corrections to the resulting 
data, and then formats and displays the results. Using the systems analysis tools, you 
can determine the frequency and amplitude of noise spurs or plot the relative 
amplitude change of noise vs offset frequency. From Hewlett-Packard (Palo Alto, CA), 
the HP 3048A costs $31,500.—Steven H Leibson 


SPEECH-RECOGNITION SYSTEM HAS REAL-TIME 1000-WORD CAPABILITY 


A 99.3% accurate, software-based speech-recognition system from Cherry Electrical 
Products (Waukegan, IL, (312) 360-3500) gives you real-time performance with a 
1000-word vocabulary (when used with an 8-MHz IBM PC/AT or compatible computer). 
To train the system, you repeat each word four times, producing a pattern that is a 
combination of the four repetitions. Unlike hardware-based systems, the training 
repetitions do not reduce the total vocabulary capacity—only the combinatorial word 
pattern is stored in the system. Software leads you through the process of setting up 
the system, and the applications manual helps you configure your system. Priced at 
$756 (100), the system includes a headset microphone, an expansion card for your 
computer, software, and overlays for several popular programs.—d D Mosley 


16-MHz 80386-BASED PC SURPASSES DESKPRO’S PERFORMANCE 


A personal computer called the 386*° from PC’s Limited (Austin, TX, (518) 459-6800) 
operates twice as fast as Compaq’s DeskPro 386 in conventional memory-read bench- 
marks, 47% faster in NOP executions, 21% faster on integer-add from memory, and 
26% faster in floating-point calculations. The computer accomplishes this perfor- 
mance by using fast static RAM instead of dynamic RAM, thus enabling the system to 
provide zero-wait-state operation for the currently available 16-MHz 80386 uP and for a 
future 24-MHz 80386. The computer also uses VLSI technology to reduce the mother- 
board chip count to less than 30. An alphanumeric LED called a SmartVu displays uP 
speed and diagnostic checks. The machine will be available in the first quarter and 
will carry a mid-$4000 price tag. —J D Mosley 


16-BIT SELF-CALIBRATING ADC HAS 16-y,SEC CONVERSION TIME 


Offering a true 16-bit digital representation of a bipolar or unipolar analog signal in 
16 psec at sampling rates reaching 50 kHz, the CS5016 A/D converter also features a 
self-calibration circuit that ensures maximum nonlinearity of 0.001% and no missing 
codes at 16 bits. Offset and full-scale errors remain within 3/4 LSB, eliminating the 
need for manual calibration. This CMOS IC from Crystal Semiconductor (Austin, TX, 
(512) 445-7222) dissipates 150 mW and features an on-chip pP interface. A 14-bit ver- 
sion, the CS5014, has a maximum nonlinearity of 0.005% at throughput rates 
reaching 50 kHz. When they become available at the end of the first quarter, the 
CS5016 will cost $140, and the CS5014 will cost $45 (100).—dJ D Mosley 
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DYNAMIC-RAM CONTROLLERS SUPPORT 256k- TO 4M-BIT CHIPS 


A family of CMOS dynamic-RAM controller/driver ICs provides support for 256k-, 
IM-, and 4M-bit memory chips. The National Semiconductor Corp (Santa Clara, CA, 
(408) 721-5000) controller/driver family includes the DP8422V, DP8421V, and DP8420V 
for 4M-, 1M-, and 256k-bit dynamic RAMs, respectively. Members of the product line 
provide a single-chip interface between all widely used wPs and dynamic RAMs. You 
can program the controllers’ memory-access mode for burst/nibble, page, and static 
column memory-access modes. The chips also support interleaving of memory access 
to different memory banks to eliminate delays caused by precharge time. The con- 
trollers automatically perform either staggered or burst refresh transparent to the 
system. The chips cost $17 to $25 (1000).—Maury Wright 


PLASMA DISPLAY USES CHIP-ON-GLASS TO SUPPORT 192x88 PIXELS 


Chip-on-glass construction allows Dale Electronics (Columbus, NB) to build the low- 
profile APD-192G088 dot-matrix plasma display panel with 192 columnsx88 rows of 
pixels. The 0.550-in.-thick panel features a 7.66x3.5-in. viewing area with a 120° con- 
ical viewing angle. The company claims the construction increases the $435 (100) 
panel’s reliability and reduces assembly costs.—Steven H Leibson 


LINE RECEIVER HAS LOWPASS FILTER FOR ADDED NOISE IMMUNITY 


The SN'75146 dual differential line receiver from Texas Instruments (Dallas, TX) in- 
corporates a 5-MHz lowpass filter to reject noise picked up by long transmission lines. 
The device is intended for applications with data rates below 355 kHz and is compati- 
ble with the differential RS-422A and single-ended RS-423A standards. You can add a 
bias resistor to make the SN75146 compatible with single-ended RS-232C interfaces. 
The IC costs $1.17 (100).—Steven H Leibson 


1.2-4m PROCESS AVAILABLE FOR GATE ARRAYS AND STANDARD CELLS 


Thomson-Mostek (Carrollton, TX, (214) 466-6346) now offers a double-level meta] 
1.8-u4m process for ASIC designs. Gate arrays specing subnanosecond delays are 
available in functional densities from 1000 gates with 56 I/Os to 10,000 gates with 192 
I/Os. Housed in DIP, chip-carrier, and PGA packages, these gate arrays have submicron 
effective electrical channel lengths and operate with a typical gate delay of 0.9 nsec for 
a 2-input gate driving a fan-out of 2. The 1.2-um standard-cell family consists of 120 
fixed-height cells including compilable 75-MHz counters and registers, 40-nsec static 
RAMs, ROMs, FIFO buffers, and PLDs.—J D Mosley 


PROGRAMMABLE SWITCH GAINS MICROWAVE MODULES 


Hewlett-Packard Co (Palo Alto, CA) has added three switch modules to the line of 
plug-ins available for its HP 3488A programmable switch/control unit. The $2200 HP 
444'776A microwave switch module offers three 502 coaxial switch channels with a fre- 
quency range of de to 18 GHz and 90-db isolation. The $400 HP 44476B module ac- 
cepts two HP 5531xx coaxial switches, which are available in 5-, 4-, and 5-port ver- 
sions. The 7-channel, $400 HP 44477A form-C relay module drives the company’s HP 
8594/5/6 and 33300 Series programmable step attenuators and also can drive remote 
microwave relays.—Steven H Leibson 
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Less than 2 grams of force actuates this Cherry snap-action 
miniature switch. Outside, a 234” long aluminum lever 
provides unusually low operating force. Inside, an extra 
internal actuator reduces operating force even more while 
maintaining solid contact pressure for reliable performance. 


Our unique light force miniature design is available with 
other external levers offering operating forces ranging from 
3.5 to 15 grams...rated 3 amps, 125VAC. Gold crosspoint 
contact versions bring this same, dependable switching to 
your low energy (0.1 amp) solid state circuits. Or, choose 
higher electrical ratings of 5, 10 or 15 amps with increased: 
... but still low...operating forces. 


CHERRY ©? SWITCHES 


CHERRY ELECTRICAL PRODUCTS CORP. 3640 Sunset Avenue, Waukegan, IL 60087 - 1-312/360-3500 
CIRCLE NO 18 


EXTRA INTERNAL ACTUATOR 


reduces force required at button plunger while 
maintaining solid contact pressure. 


NEWS BREAKS: INTERNATIONAL 


1-CHIP DEVICE INTEGRATES 16-BIT-.P PERIPHERAL FUNCTIONS 


The MB89391, a chip produced from the joint efforts of Fujitsu Ltd and Fujitsu VLSI 
Inc, is a single-chip CMOS device that integrates the peripheral functions of the 
MBL8086 16-bit microprocessor. It incorporates a clock generator, a bus controller, an 
interrupt controller, a DMA controller, and a timer. The device can handle as many as 
eight interrupts or a maximum of 64 if you attach an external controller. It comes in a 
100-pin quad-flat package and costs ¥2400 ($15.48) for samples. 


3’2-IN. FLOPPY-DISK DRIVE HAS 2M-BYTE CAPACITY 


Mitsubishi Electric Corp has introduced a 512-in. floppy-disk drive with a maximum 
memory capacity of 2M bytes. The 32-mm-thick drive comes in a 1M-byte version, 
which is being sampled at ¥50,000 ($322.58); the 1.6M- and 2M-byte units cost $387. 
The drive features an access time of 3 msec and is housed in a shock- and vibration- 
proof structure. 


TOSHIBA BECOMES JAPAN’S SECOND LARGEST SEMICONDUCTOR PRODUCER 


Toshiba Corp has outpaced Hitachi Ltd to become the second largest semiconductor 
company in Japan; Nippon Electric still leads the field. Toshiba acquired the slim 
margin during the first half of fiscal 1986, in which it recorded a 10% gain to 
reach ¥205 billion ($1.3 billion), while Hitachi had a 15% decrease for a total of $1.25 
billion. Toshiba cites a 10% increase in memory production and a 40% increase in ex- 
ports of linear ICs and discrete devices to Asian markets as reasons for its growth. 


Meanwhile, Hitachi will reduce its capital investments in the semiconductor area 
and its RéeD expenditures for the remainder of fiscal 1986. Furthermore, approxi- 
mately 500 employees from low-profit departments will be transferred to the 
computer-software-development department, and the company will cut managerial 
salaries by 5 to 10%. 


MITSUBISHI, 12 OTHER COMPANIES TO WORK ON SPACE LABORATORY 


Mitsubishi Electric Corp has become the prime contractor for the Japanese ‘“‘Free 
Flyer” project, a 15-company venture that will develop a 3-ton space laboratory. 
Scheduled for launch in fiscal 1992, the entire structure will house eight laboratories 
for conducting experiments on semiconductors and for research into new materials 
and biotechnology. The program, which is estimated to cost ¥30 billion ($194 million), 
is being promoted by the Ministry of International Trade and Industry, the Education 
Ministry, and the Science and Technology Agency. 


Other companies involved in this effort include Nissan Motors (for the frame struc- 
ture), Toshiba (for the power-supply system), Nippon Electric (for the communication 
equipment and solar-cell paddle), Fujitsu (for the ground-control system), and Hitachi 
(for the bioengineering systems). 
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NEED HELP WITH COOLING 
DESIGN PROBLEMS? sy 


Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specific frequency 
range?...Mini-Circuits offers a solution. 


Choose impedance ratios from 1:1 to 36:1, 
connector or pin versions (plastic or metal case built 


to meet MIL-T-21038 and MIL-T-55831 requirements”). 


Ultra-wideband response achieves low droop and fast 


risetime for pulse applications. Ratings up to 1OOOM ohms 
insulation resistance and up to 1000V dielectric voltage. 


For wide dynamic range applications involving up to 
100 mA DC primary current, use the T-H series. 


Coaxial connector models are offered with 50 and 75 ohm 


impedance; BNC standard; request other types. 


Available for immediate delivery with one-year guarantee. 


Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 


“units are not QPL listed 


finding new ways... 
Setting higher standards 


[7 Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 


C72-1 Rev. A 


NSN GUIDE 

MCL NO. NSN 

11-1 5950-0 1-128-3745 
T2-1 5950-0 1-106-1218 
T4-1 5950-0 1-024-7626 
TMO4-1 5950-01-067-1012 
TMO4-2 = 5950-01-091-3553 
T9-4 9950-0 1-105-8153 
TMO9-1A —5950-01-098-6315 
116-1 5950-0 1-094-7439 


RF trans 


over 50 off-the-shelf models... 


bent lead version 
style x 65 


case styles 


T_ TH, case W 38, X65 Bent Lead Version 
TMO, case A 11, t case B13 
FT, FIB, case H 16 


een ea ie INSERTION LOSS PRICE $ 
z 
case style number MODEL 2B 
see opposite page. NO. MHz Ea. Qty. 
A* T 14-47 ew ‘ 3.95 (10-49) 
- : 14-6T \ 4 5.95 (10-49) 
T2-4T 2 4.25 (10-49) 
PRI SEC T2.5-6T 2.5 4.25 (10-49) 
13-4T 3 3.95 (10-49) 
14-4 4 2.95 (10-49) 
T4-6T 4 3.95 (10-49) 
T5-4T 5 4.25 (10-49) 
T8-4T 8 6.95 (10-49) 
M347 13 4.25 (10-49) 
146-61 16 4.95 (10-49) 
TH 14-4H 4.95 (10-49) 
TMO_ TMO4-4T 6.45 (10-49) 
TMO2-4T 6.75 (10-49) 
TMO2.5-6T 6.75 (10-49) 
TMO3-4T 6.45 (10-49) 
TMO4-4 4.95 (10-49) 
TMO5-4T 6.75 (10-49) 
TMO43-4T 6.75 (10-49) 
B¥ wo TT 114-6 1 .004-500 .004-500 5.95 (10-49) 
. : TT4.5-4 1.5 .075-500 .075-500 .2-400 1-50 4.95 (10-49) 
PRI SEC TT2.5-6 25 01-50 .01-50 .025-25 05-10 5.25 (10-49) 
TT4-4 4 .05-200 .05-200 .02-50 1-30 4.95 (10-49) 
TT25-1 25 02-30 .02-30 7.95 (10-49) 
TTMOQ_ TTMO4-4 005-100 .005-100 10.95 (10-49) 
C T 114-4 2.95 (10-49) 
: : 14-6 NOW 4.95 (10-49) 
11.5-4 3.95 (10-49) 
PRI SEC 11.5-6 4.95 (10-49) 
T2.5-6 3.95 (10-49) 
14-6 3.95 (10-49) 
T9-4 3.45 (10-49) 
146-1 3.95 (10-49) 
136-4 5.95 (10-49) 
TH 14-4H 4.95 (10-49) 
T9-4H 5.45 (10-49) 
146-4H 5.95 (10-49) 
TMOQ_ TMO4-4 4.95 (10-49) 
™MO4.5-4 6.75 (10-49) 
T™MO2.5-6 6.45 (10-49) 
TMO4-6 6.45 (10-49) 
TMO6-4 6.45 (10-49) 
TMO9-4 6.45 (10-49) 
TMO4.6-4 6.45 (10-49) 
D T 12-4 025-600 .025-600 3.45 (10-49) 
ad - - 13-4 5-800 5-800 .2-400 ame, 4.25 (10-49) 
h 14-2 .2-600 .2-600 5-500 .2-250 3.45 (10-49) 
PRI SEC 18-4 45-250 45-250 25-200 2-400 3.45 (10-49) 
1414-4 .2-450 .2-450 4.25 (10-49) 
= TMO_ TMO2-1 025-600 025-600 5.95 (10-49) 
TMO3-4 5-800 5-800 2-400 AS 6.95 (10-49) 
TMO4-2 .2-600 .2-600 5-500 2-250 5.95 (10-49) 
TMO8-1 15-250 15-250 .25-200 2-100 5.95 (10-49) 
TMO414-4 .2-150 .2-150 6.75 (10-49) 
E FT  F141.5-4 1.5 4-400 1-400 5-200 1-100 29.95 (1-4) 
e e 
PR SEC FTB  F1B1-4 1 2-500 2-500 5-300 10-100 29.95 (1-4) 
FTB1-6 4 01-125 01-125 .05-50 A-25 29.95 (1-4) 
+ @ FTB1-1-75 4 5-500 5-500 5-300 10-100 29.95 (1-4) 
= Denotes 75 ohm models 
% Maximum Amplitude Unbalance * Maximum Phase Unbalance 
0.1 dB over 1 dB frequency range 4.0° over 1 dB frequency range 
0.5 dB over entire frequency range 5.0° over entire frequency range 
C72-2 Rev. A 
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For workstations that 
thrive in a multitvendor 


HP’s powerful family of technical workstations fits 
right in with your present computing resources, as well 
as those added in the future. With industry standard net- 
working, operating systems, and languages. Plus hundreds 
of advanced application packages, and performance extras 
to give you the competitive edge in all of your engineering 
and technical activities. 

Our solutions are implemented on one of the indus- 
try’s largest technical computer and workstation families. 
It consists of the HP Technical Vectra PC, the HP 9000 
series 200/300/500, and the new model 840 Precision 
Architecture Computer. 


Full UNIX System V compatibility. 


HP’s technical workstations use AT&T’s System V 
UNIX operating system with Berkeley 4.2 enhancements 
and HP improvements. The result is a standard tuned to 
the workstation environment with windowing, real-time 
I/O extensions, graphics, six languages and other extras. 


The networking you need. 

HP offers the networking to unify design, test, manu- 
facturing, and technical office automation in your company. 
You'll have ARPA and Berkeley services and TCP/IP on 
Ethernet** and IEEE 802.3 to provide connectivity with 
IBM, DEC, and other vendors’ products. 


AI power without special AI machines. 

You get everything you expect in a multipurpose 
workstation, plus the ability to run Artificial Intelligence on 
the same machine. Based on Common Lisp, it lets you 
harness AI power for accelerated software development. 
You can also get premier expert system tools from com- 
panies such as Intellicorp and Teknowledge. 


Wide range of graphics solutions. 


The choice is yours...from low-cost monochrome to 
high-resolution color monitors...from simple report 


run UNIX systems and 
environment, talk to HP 


graphics to 3D solids modeling. There are industry stan- 
dards like GKS and ANSI Computer Graphics Virtual 
Device Interface (CG-VDI), to protect your investment 
by making your existing software portable. HP’s acceler- 
ated graphics solutions are highly modular, so you can 
upgrade whenever you choose. 


Hundreds of application packages. 

Specialized technical applications? No problem. HP’s 
application packages include logic and analog CAE, PCB 
CAD, microprocessor software development, 2D design 
and drafting, 3D solids modeling and finite element anal- 
ysis, documentation and report generation, and database 
management. New software packages are constantly being 
added for an even larger selection. 


HP—protecting your investment. 

Buying HP’s solutions is not only a smart decision 
initially, but it provides the added benefit of lower cost 
of ownership that reflects our commitment to quality and 
service. For more information, call your local HP sales 
office listed in the telephone directory white pages. 


Tap HP’s DATA-LINE 


for complete facts...instantly! 

For on-line information 24 hours a day, use your com- 
puter, modem, and HP’s DATA-LINE. Dial 1-800-367-7646 
(300 or 1200 baud, 7 bits even parity, 1 stop bit). 

In Colorado call 1-800-523-1724. 


*UNIX is a trademark of AT&T. **Ethernet is a trademark of Xerox Corporation. 
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| oted the Buyers’ Top Choice 
in OEM Power Supplies! 


Co! orp” 
ctor 
Signet Ser cate Div 


ET- NR 


Number One for Three Straight Years! 
There Has to Be a Reason. 


Actually, there are several 


years, POWER-ONE has achieved 


reasons POWER-ONE has again the lofty position as Number One Fo | 9 67 Cotalon | 
been voted BUYERS’ TOP CHOICE in OEM Power Supplies. We thank es eh sd —_ 

in the prestigious Top 100 Com- those who continue to support fee = anol 235- 59 43. Ext. 113. From 
ponent Suppliers annual survey us, and we urge others to see for LINE: (800 (800) 421-3439, Ext. 113 
conducted by Electronic Buyers’ themselves why POWER-ONE 

News. Reasons such as high quality, receives top rating, year after year “Innovators in Power Supply Technology” 
competitive pricing, large selection, after year. Vy J 


dependable service, availability, Call us today for immediate 
and on-time delivery . . , to name response to your power supply Hie SUPPLIES 
just a few. requirements. As the industry BL. PO r 

All together, they ad up to leader in 1986, we promise even POWER-ONE ey fet SUPPLIES 
one oe reason CUSTOMER greater customer satisfaction in ac kis : 
/ a future. _ TWX: 910-336-1297 + FAX: (805) 388-0476 


SIGNALS & NOISE 


Military engineers 
lack social consciousness 
Dear Editor: 
EDN has chosen its own approach to 
defending its July 10 editorial (pg 
47) and article (pg 293) on social 
consciousness. You were very cir- 
cumspect in pointing out (in Signals 
& Noise, EDN, September 18, pg 
32) that the editorial had not criti- 
cized the DoD nor had it character- 
ized any engineer as a “hired hack.” 
Yet two practitioners of the elec- 
tronics art saw fit to lash out be- 
cause you expressed mild reserva- 
tions about engineers who care 
nothing about the social implications 
of their work. It’s unfortunate that 
they do not remember the story of 
the loyal German engineers of the 
30s and 40s who dutifully put their 
skills at the service of their country 
—to generate V1 and V2 rockets, 
efficient gas ovens and crematoria 
for the victims of Nazism, and other 


CY525 3rd generation 
STEPPER MOTORCONTROLLER 


most intelligent controller offers ° 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 
rate on the fly, read 
position on the 


CY512 

compatible, 

40 pin, +5 volt 

TTL, 8 bit I/O interface 

to ucomputer. $195 ea ($80/1 
Prototyping board available. 


) 
fe Cybernetic Micro Systems 
P.O. Box 3000, San Gregorio, CA 94074 , 
(415) 726-3000 Telex: 171-135 attn: Cybernetic 


IR 
EDN January 8, 1987 Se ee 


| more. 


boons to humanity. 

I would go much further than 
EDN in asserting that there is in- 
deed a lack of social consciousness in 
those engaged in military research 
and weapons systems development. 
Pointing out that DoD work is “re- 
warding” and is “always attempting 
to go beyond the state of the art, 
which greatly enhances personal 
satisfaction ...” is adequate testi- 
mony that hired hacks do exist. 

The Strategic Defense Initiative 
(SDI) is probably the best example 
of a technology gone berserk. Any 
good engineer knows that it is far 
preferable to eliminate a problem 
than it is to cobble up an expensive, 
complex, and inadequate solution 
(which is descriptive of SDI). Quite 
apart from any paranoia-based re- 
luctance on the part of the USSR in 
past years is the fact that the USSR 
has nevertheless taken the initiative 
to cease nuclear weapons testing— 


fly, and 


much 


unilaterally. Yet even this fails to 
move the technocrats here, who are 
immersed in “sweet, elegant solu- 
tions” to problems that are both 
avoidable and not worthy of human 
endeavor. As if to underscore his 
lack of comprehension of history, 
one of your critics asserted that the 
protesters of the 60s changed some- 
thing from within. On the contrary, 
it was mass street protest, not con- 
ventional politics, that is credited 
with stopping the Vietnam War. 
Sincerely yours, 

David Wald 

Santa Clara, CA 


National defense 

is a moral issue 

Dear Editor: 

Regarding the article “As engi- 
neers’ social consciousness matures, 
concerned groups act as the guiding 


light” (EDN, July 10, pg 293), I 
Continued on pg 32 


AN ACCREDITED, INDEPENDENT 
LABORATORY FOR 


ENVIRONMENTAL TESTING 

Temperature, Humidity, Explosion, Salt, Fog, Sand, 
Dust, Fungus 

MECHANICAL TESTING 

Vibration, Shock, Stress, Cycling, Tension 


ELECTRONIC TESTING 
RFI/EMI, FCC Compliance, Component 


ELECTRICAL TESTING 
Voltage, Current, Power, Load 


LISTING & LABELING 
For acceptance of electrical products by code 
inspection authorities. 


Performed in accordance with most Military and National Standards. 
MET is one of the few laboratories in the U.S. that is accredited by both 
The National Bureau of Standards—NVLAP and The American Associa- 
tion for Laboratory Accreditation—AALA. This is the highest form of 
accreditation possible for any laboratory. 


MET 


MET ELECTRICAL TESTING COMPANY, INC. 


916 W. PATAPSCO AVE./BALTO., MD 21230 « 
CALL TOLL FREE * 800/638-6057 


(301) 354-2200 
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Tektronix Aided 
Expanding Beyond 


CAE solutions are fine, as far as they 
go. Trouble is, they don't go far enough. 
Which is precisely why we developed 
Tektronix Aided Engineering. 

SO you could get all the solutions you 
need tomove your product from concept 
to completion. 

Solutions that take you beyond 
design capture, verification and layout. 

And into prototype verification, 
software development and testing, 
systems integration, mechanical design 
and manufacturing. 

Design solutions you need. From 
Tektronix. All running on industry-stan- 
dard hardware platforms. 

Here's Tektronix Aided 
Engineering. 


PRODUCT _ 


Definition 
Electronic System 


Definition 
Structured Analysis Tools 


Documentation 
TekWriter (Interleaf) 


Electronic Design Capture 
Designer's Database Schematic Capture 


Design Verification 


TRADITIONAL 


i Sythe - mt) 
CAPTURE | VERIFICATION | 


HILO-3 Logic Simulation System . Software Software 
HICHIP Hardware Modeler = ‘ 

Standard Components Libraries Design and Develop 
ASIC Libraries Specify and Debug 


| SPICE 2G.6 with I/O graphics 


MicroLink Interface Tekt ix 


Aided 
Software Engineering 


Design and Specify 
Structured Analysis Tools 
Structured Design Tools 


Software Develop and Debug 
Language Directed Editors 


Assemblers . Mechanical 
Compilers oe A 
Emulators Design 
Language Development Systems 

(LANDS) 


HILO and HICHIP are trademarks of GenRad, Inc. SPICE is based on Berkeley SPICE, University of CA at Berkeley. SCICARDS is a trademark of Scientific Calculations, Inc. CALAY is a 
trademark of Calay, Inc. CADDS4 is a trademark of ComputerVision. GARDS and CAL-MP are trademarks of Silvar-Lisco, Inc. TekWriter, Designer's Database Schematic Capture, MicroLink, 
TekniCAD, MERLYN-P MERLYN-G, MERLYN-S, and LEIA are trademarks of Tektronix, Inc. TurnChip is a registered trademark of Tektronix, Inc. 
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Engineering: 
CAE Solutions. 


Layout 
MERLYN-P PC Board 
MERLYN-G Gate Array 
MERLYN-S Standard Cells and Blocks 
LEIA Full Custom 

TurnChip ASIC Layout Modules 
SCICARDS Interface 

CALAY Interface 

CADDS4 Interface 

GARDS Interface 

CAL-MP Interface 

Dracula Layout Verifier 


Prototype Verification 
DAS Link Interface 
Logic Analyzers 


Mechanical Design 
Plot 10 Graphics Software 
TekniCAD 


Manufacturing 

PC Boards 

Gallium Arsenide 

IC Production Testers 


That's the Power of Tektronix Aided 
Engineering. 

Best of all, it’s from Tektronix. The 
name you've always trusted to deliver the 
solutions you need to get the job done. 
As well as the worldwide service, support 
and training. 

To expand your world with Tektronix 
Aided Engineering, contact your local 
Tektronix, CAE Systems Division, sales 
office or call (800) 547-1512. Tektronix, 
CAE Systems Division, 5302 Betsy 
Ross Drive, PO. Box 58137, Santa Clara, 
CA 95052-8137. 
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SIGNALS & NOISE 


must note that national defense and 
weapons development as moral is- 
sues do not exist in a vacuum. I, for 
one, have been involved in military 
R&D for forty years and have suc- 
ceeded in making a number of con- 
tributions that have led to the publi- 
cation of some eight books and many 
short items, most of which are un- 
classified. 

We have local, state, and federal 
police who have various responsibil- 
ities to protect us as far as possible 
against hoods and criminals of all 
stripes. We can’t disband these po- 
lice, and we must support them 
technologically, or our lives would 
be in much greater danger than 
they are. (Heaven help us if we 
didn’t have them.) As long as there 
is a single tyrannical regime in the 
world, we must remain strong. 

As citizens of this nation—to 
which even many citizens from “cur- 
tain” countries (including so-called 
diplomats of the KGB and the GRU) 


will vote with their feet to come, 
even on temporary assignment—we 
must keep in mind that we have a 
responsibility to our neighbors, 
both within and without our bor- 
ders, to further our mutual safety 
and to expose internal threats to it. 

The Russians oppose SDI for only 
one reason. Even though it may not 
be perfect, SDI will make it much 
harder for them (as Khrushchev 
said) “to bury” us. This was Lenin’s 
and Stalin’s philosophy, but they 
believed they could get us to let 
down our guard so that we would 
bury ourselves. The real issue is, 
“At what point do our social respon- 
sibilities contribute to burying our- 
selves?” 

I sympathize with the individuals 
whose idea is to vote their beliefs on 
these subjects, but I’m afraid they 
have allowed their priorities to en- 
danger their neighbors and future 
generations. These issues can’t be 
examined out of context of the some 


66 million loyal Russians who have 
given their all, including their lives, 
suffering and dying in the Russian 
Gulag. (Cuba and almost all other 
curtain countries have similar re- 
cords. ) 

Please help your readers to keep a 
balanced view of our world. Our 
military-industrial system has 
faults, as does our media system, 
but we must compare our system 
with others. Those voting with their 
feet in coming this way have already 
made this comparison. We have a 
legislative, judiciary, and executive 
triad that operates mostly openly 
(at times too open); they have their 
communist parties, their GRUs, and 
their KGBs, which operate in al- 
most total secrecy. In our system, 
our media can publish things that 
cause great embarrassment almost 
without consequence; over there, 
you can suffer terribly or die in the 
Gulag or a brutal prison for much 
less serious offenses. 


mi Mt 


UNIX is a trademark of AT&T Bell Laboratories, Inc. 
VRTX is a registered trademark of Hunter & Ready. 
HK68/V is a trademark of Heurikon Corporation. 
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POWER. FOR PEOPLE WHO KNOW 
[ee HOW TO USE IT. 


Introducing the HK68/V20 
Seestee VME processor. 


. Features include the 68020 

_ MPU, | to 4 MegaBytes of on- 

board DRAM, 68851 PMMU, 

68881 Floating Point Coprocessor, 
one serial port and MVMX/32. 
UNIX™ and VRTX® supported. Com- 
patible with other members of the 

HK68/V™ Family of Heurikon VME 
processors. And technical support 
you've come to depend on. 

Call 1-800-356-9602, Ext. 395 for 
more information. Heurikon Corporation, 
3201 Latham Drive, Madison, WI 53713. 


HEURIKON 
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SPR AC : : | f | Sprague UDN-2878W and UDN-2879W Quad High-Current Darlington Switches provide 
a new level in power control capability. They serve as interface between low-level 
logic and high-power peripheral 
DARLINGIONS SWITCH 222i" 
and incandescent displays. 
12 () Capable of handling loads up to 320 W per channel, they are provided 
@ in 12-pin single in-line power tab packages. The inputs are compatible with 


most TTL, DTL, LS TTL, and 5 V CMOS logic. The UDN-2878W has an output voltage rating to 5OV (35 V sustaining) while 
the UDN-2879W has an 80 V (50 V sustaining) rating. Volume pricing (50k) is just over $2. Sprague Electric Company, a 
Penn Central unit, Worldwide Hdatrs., Lexington, MA. Write for Engineering Bulletin 29305.10 to 

Technical Literature Service, Sprague Electric Co., 41 Hampden Road, Mansfield, MA 02048-1807. 


For applications assistance, call Mark Heisig at 617/853-5000. 
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Micro/sys: the last 
word in STD BUS products. 


The Micro/sys STD BUS product line ¢Atruly ROM‘able_ * Links to 


includes all of the functions required C Compiler for the IBM-PC 
to implement your instrumentation, each CPU card ¢ Prototyping 
control, data acquisition and *PCDOS and CP/M Packages 
handling systems. ¢ Turnkey Systems 

e from one of the broadest Call or write for your FREE copy 
ie of eTD-8088 and STD-Z80 of the Micro/sys STD BUS Product 
products: Selection Guide. It’s the best starting 
° Processors © Disks point for your next design. 


* Memories * Communications 
+ Digital 1/0 * Analog VO hy 
¢ Slave ° CRT video 
Processors ¢ CMOS Versions MICRO/SYS 
* DMA, Interrupt. 1011 Grand Central Avenue 
And, just as important, develop- Glendale, CA 91201-3010 
ment support we re famous for: (818) 244-4600 * TLX170788 
CP/M trademark of Digital Research IBM-PC trademark of International Business Machines Corp. 
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SWITCH MODE POWER 
FIT FOR YOUR NEEDS 


Case 21 


Up to 600 Watts 
BY x6.5" x10" 


The power and flexibility you'd 
expect from 5X8X11 “slot” switch- 
ing power supplies is now 
available with room to spare with 
the Qualidyne Case 21. Up to 600 
Watts from 1 to 7 fully regulated 
outputs. A unique package design 
that makes system connections a 
snap. A full assortment of stan- 
dard features and options plus 
safety approvals and compliance 
with worldwide standards. Cut 
your power supply down to size 
with the Qualidyne Case 21. 


THE SWITCHER FIT FOR YOUR NEEDS 


Qualidyne 


QUALIDYNE SYSTEMS, INC. 
3055 Del Sol Boulevard, San Diego, CA 92154, (619) 575-1100 Telex: 709 029 FAX: 619 429 1011 
(800) 445-0425 In Calit. (800) 237-6885 
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It is vital that we all keep our 
perspective on things! 
Sincerely yours, 
Keats A Pullen Jr 
Kingsville, MD 


Readers’ comments 
@ Social responsibility: EDN, July 
10, pg 293 

“EDN or Staff Editor Deborah As- 
brand should not endorse a political 
viewpoint (‘As engineers’ social con- 
sciousness matures, concerned 
groups act as the guiding light’). 
Both the title and the tone of this 
article imply endorsement. I would 
like to suggest devoting similar 
space for opposing points of view.” 
—PP, Santa Clara, CA 


“The Professional Issues article was 
excellent. Not all EEs are con- 
scienceless technomonsters. High 
technology and a nonconservative 
political viewpoint can coexist. 
Thank you!’”—JJ, Minneapolis, 
MN 


“Your Professional Issues section is 
mot professional. Keep your inter- 
ests within technological bounds.” 
—DF, Long Beach, CA 


“Excellent Professional Issues arti- 
cle on social consciousness. This 
kind of article is all too rare.”—JS, 
Indian Head, MD 


“IT particularly liked your Profes- 
sional Issues column. Keep it up. It 
may be the only way that concerned 
engineers get to read up on these 
issues.”—AP, New York, NY 


WRITE IN 


Send your letters to the Signals and 
Noise Editor, 275 Washington St, New- 
ton, MA 02158. We welcome all com- 


ments, pro or con. All letters must be 
signed, but we will withhold your name 
upon request. We reserve the right to 
edit letters for space and clarity. 
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The Tek 11000 Series is nothing Most startling is the simplification 


less than a new generation of and automation of the whole measure- 


oscilloscopes. What you can do 


ment and analysis process. Large dis- 
plays, touch-screen control, pop-up Menus 


with it, and the way you work with ang builtin intelligence unclutter the front 


it, will fundamentally alter your panel and keep eyes focused on the 
—pomaon of a scope. | display. For the first time, you need know 
— aS pe otic scopes spay poning abou A Scopes technology to get 

more traces (up to 8) at higher bandwiaths e most out of it. 
(up to 1 GHz), with greater accuracy (1% ver The 11000 Series continues the plug-in 
tical) and include more new functions for versatility of the Tek 7000 Series. Five new 
expediting the capture and processing of plug-ins and three new probes tailor 11000 
data than can ever be listed here. series scopes to a full range of applications, 

Two digitizing scopes exert the power of from design and debug to production test. 
three 16-bit pro- Demonstra- 
cessors towards ove 11401 11402 | debate 11301 11302 tions are now in 
longer records. Bandwidth progress 

| Risetime 700ps 350ps _ | Risetime § 875ps 700 ps 
more powerful trig- No. Maa 12 No. a = throughout 
gering and higher = channels! _ _Channels' | _ North America. 
throughput than = Vert. = 1 mV div 1mV div Vert. = 1 mVdiv 1mVdiv | To getin touch 
ever before. Two aa ae with the future of 
analog SCOPES =— Becsiution bits? bits? | | measurement, 
virtually eliminate Automatic — Min. Max, Mid. | Automatic Peak-Peak, Min, Max, contact yOur local 
manual Computa- | Rents” | feak’Fise Fal. |mente | Perod Widir Duly one 
tion. even forthe | Width. Delay1, | Cycle | uy engineer or call 
most complex | Cross, Period, Fre-- | Tektronix at 
measurements. | Window Trigger, YT| | _ 1-800-547-1512 
Area, YT Energy. | 
_ Cursors 


500 MHz 500 MHz 


‘Timebase | 100ps + .002%of| Built-in | 
| Accuracy | the measured | counter _ 6 Function 6 Function, 
_ interval _ timer 10 digits 10 digits | 


‘Up to 8 traces may be displayed at once from any of up to 12 input channels. 
“Absolute DC accuracy with full scale offset or Vc. 
314-bit resolution obtained using signal averaging. 
“Except with 11A71 which has 10mV div 


How the new 
technology will 


simplify your life. 


The 11000 Series, 
makes it unnecessary 
to learn oscilloscope 
theory. You get more 
out of your scope with 
less effort than ever 
before. 

Mechanical front- 
panel controls have 
all but vanished in 
favor of a touch- 
screen interface that 
presents only valid 
selections in logical 
groups. Select a 
trace, a trigger, a 
measurement or 
other function just by 
touching the appro- 
priate area of the 
screen or by select- 
ing from pop-up 
menus that fold 
down out of the way 
once selections are 
made. 

Or, push a button 
on the new probes 
to initiate an auto- 

range or a grogers 
: stored test 


degrees, volts Or seconds. 


11401/11402 Digitizing 


Oscilloscopes 

One example of innumerable Customize automatic measure- Point Accumulate Mode keeps all 
waveform processing Capabilities: ments to meet your needs. Touch- digitized points in display memory 
square a voltage waveform and ing any measurement result, for to help you handle complex dis- 
divide by a load resistance — example, causes annotation to plays such as eye diagrams, 
(L3*L3)/10 — to make a power appear showing exactly where measure worst case jitter, or catch 
measurement. the measurement is being taken. low rep-rate glitches. 


peer insnersnereaerteenerrhremr eetPrtnen Afro eae ere a - - - or sernnenmanerenermarenteermenemiaetinneenes 


LL Tektronix 11401_ DIGITIZING OSCILLOSCOPE Tektronix 11401 DIGITIZING OSCILLOSCOPE 


csp corn! <= Siecemcpnmeners vets 


is pions : ee ; ee ; : oA Yes tet Re ; j INTENSITY: 
Mouaner > puronet a : ; ; reve CILLOSCOPRE ee it} ; : most eo ReCUNAcy. AIRSET mM ats at 
— Z : . : Fc ss ‘ e Bh : root : ; ha 
faa : LE G { 1 
BAL = 


He 20.0 ns pe cl cl.01 Sang HM: 1.00 vs a fs HM 500 ns 
Dy 5.06 ns Fee : Bee 4 288 aV 206 al 200 a De 26.6 ns OE Eo eati 5 208 a | , 5.08 ns 


{ i 
| Lo 
Sl 


peer Sena, } ott tiny 3 

Vert Ref 3.958 0 iVert=/70/, nv -) Wert Post 6.00 div ADelay® 2.96 ya : 
Off OFF 2,30 div Vertical | Trig'd Mainly On On : : Feaqt 1.251327 te 
Tracking 4-08 Set Ref Cursors : | After Diy View Hindal & : | Yert Pose 4.88 div 


Period® 799.1518 ns 
Hain Teige O96 div 


11301/11302 Analog Dual delayed sweeps allow | Integrated 500 MHz universal — 
Oscilloscopes expansion of the main sweep for —__counter/timer includes a unique. 
Call up cursors to help youmake close examination and accurate —_— counter-view feature that le S YOU — 
high-accuracy measurements, _ measurement of waveform _ see exactly wha the count ? 
displayed in decibels, percent, PO hiss such as rise lime and ts triggering. 
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ALABAMA 
Huntsville 35805 
4900 Corporate Drive 
Suite H 

Phone: (205) 830-9212 


ARIZONA 

(Phoenix) 

3015 S. 48th Street, Suite 100 
Tempe 85282 

Phone: (602) 438-1011 
Tucson Area: (602) 790-3099 
Mailing Address: 

P.O. Box 29540 

Phoenix 85038 


CALIFORNIA 


(Concord) 

3451 Vincent Road 
Pleasant Hill 94523 
Phone: (415) 932-4949 


From Oakland/San Francisco: (415) 254-5353 


From Sacramento: (916) 447-5072 
From Fremont/Milpitas: (415) 490-7067 
From Livermore: (415) 449-5176 
Mailing Address: 

P.O. Box 4040 

Concord 94524-2040 


Irvine 92714 

17052 Jamboree Blvd. 

Mailing Address: 

P.O. Box 19523 

Irvine 92713 

Phone: (714) 660-8080 

TELEFAX: (GP1)(7 14) 660-8080 X311 


(Los Angeles) 

21300 Erwin Street 
Service Center 

20920 Victory Bivd. 
Woodland Hills 91367 
Phone: (818) 999-1711 
Mailing Address: 
21300 Erwin St. 

P.O. Box 8500 
Woodland Hills 91365 


San Diego 92123 
5770 Ruffin Road 
Phone: (619) 292-7330 


Santa Clara 95054-1196 

3003 Bunker Hill Lane 

Phone: (408) 496-0800 
TELEFAX: (GP 1) (408) 496-0800 


COLORADO 


(Denver) 

393 Inverness Drive South 

Englewood 80112 

Phone: (303) 799-1000 

Telex: (Infocom) 45-4455 

From Colorado Springs: (303) 634-3933 


CONNECTICUT 
Milford 06460 


40 Commerce Park Road 
Phone: (203) 877-1494 


FLORIDA 
Fort Lauderdale 33309 
2003 N.W. 62nd Street, Suite 102 
(known as) Cypress Creek Road 
Phone: (305) 771-9700 
From Miami: (305) 947-6053 
Also serves Puerto Rico and 
U.S. Virgin Islands 


Orlando 32803 

3657 Maguire Blvd., Suite 100 

Phone: (305) 894-3911 

From the Cape Kennedy Area: 
(305) 636-0343 


Pensacola 32503 
4700 Bayou Bivd., Bidg. 1 
Phone: (904) 476-1897 


Tektronix, Inc. 


SALES AND SERVICE OFFICES 


GEORGIA 
(Atlanta) 

Technology Park/Atlanta 
650 Engineering Drive 
Norcross 30092 
Phone: (404) 449-4770 
Mailing Address: 

P.O. Box 6500 
Norcross 30091 


HAWAII 

Honolulu Service Center 96819 
EMC Corporation 

550 Paiea Street Suite 103 
Phone: (808) 836-1138 (Service) 
(800) 538-8125/6 (Sales) 


ILLINOIS 

(Chicago) 

5350 Keystone Court 

Rolling Meadows 60008 
Phone: (312) 259-7580 
TELEFAX: (GP 1) (312) 259-7580 


INDIANA 
Indianapolis 46268 
8751 Wesleyan Road 
Phone: (317) 872-3708 


KANSAS 
(Kansas City) 

10513 West 84th Terrace 
Lenexa 66214 

Phone: (913) 541-0322 
Omaha, Lincoln, Wichita 
ENterprise 6537 


LOUISIANA 
(New Orleans) 

1940 I-10 Service Rd. 
Concourse Place 
Kenner 70065 

Phone: (504) 466-4445 


MARYLAND 


(Baltimore) 

102 Lakefront Dr. 
Cockeysville 21030 
Phone: (301) 771-6400 


DC 

700 Professional Drive 

P.O. Box 6026 

Gaithersburg 20877 

Phone: (301) 948-7151 

TELEFAX: (GP 1) (301) 948-7151 X321 


MASSACHUSETTS 
(Boston) 

482 Bedford Street 

Lexington 02173 

Phone: (617) 861-6800 


MICHIGAN 
(Detroit) 

24155 Drake Road 
Farmington 48024 
Phone: (313) 478-5200 


MINNESOTA 
St. Paul 55126 

4660 Churchill Street 
Phone: (612) 484-8571 


MISSOURI 

(St. Louis) 

2318 Millpark Drive 
Maryland Heights 63043 
Phone: (314) 429-7707 


NEW JERSEY 
Woodbridge 07095 

40 Gill Lane 

Phone: (201) 636-8616 

TELEFAX: (GP 1) (201) 636-8616 X266 


NEW MEXICO 
Albuquerque 87108 

1258 Ortiz Drive, S.E. 

Phone: (505) 265-5541 

Southern N.M. Area: ENterprise 678 
Southern Nevada Area:ENterprise 678 
El Paso, TX ENterprise 678 

TELEFAX: (GP 1) (408) 358-3421 


NEW YORK 
Albany 12205 
26 Computer Drive West 


Phone: (518) 458-7291 


(Long Island) 

1895 Walt Whitman Road 
Melville, N.Y. 11747 

Phone: (516) 756-9690 

NYC Customers (718) 895-8010 


Poughkeepsie 12601 

Beechwood Office Park 
385 South Road 

Phone: (914) 454-7540 


Rochester 14623 
1210 Jefferson Road 
Phone: (716) 424-5800 


(Syracuse) 

1 Northern Concourse 
North Syracuse 13212 
Phone: (315) 455-6661 


NORTH CAROLINA 


Raleigh 27612 
3725 National Drive, Suite 104 
Phone: (919) 782-5624 


OHIO 


(Cleveland) 

7830 Freeway Circle 
Middleburg Heights 44130 
Phone: (216) 243-8500 (Sales) 
(216) 243-8505 (Service) 


Dayton 45449-2396 
501 Progress Rd. 
Phone: (513) 859-3681 


OKLAHOMA 


Oklahoma City 73108 
4400 Will Rogers Parkway 
Suite 220 

Phone: (405) 943-8127 
Oklahoma Wats Only 
Phone: (800) 522-8196 


OREGON 


10220 S.W. Nimbus Drive 
Suite K-4 

Portland 97223 

Phone: (503) 620-9100 


Factory Service Center 
Tektronix Industrial Park 
Beaverton 97077 
Phone: (503) 642-8600 
TWX: (910) 467-8708 
TLX: 15-1754 


PENNSYLVANIA 
(Philadelphia) 

450 Sentry Parkway 

Biue Bell 19422 

Phone: (215) 825-6400 


Pittsburgh 15221 
1051 Brinton Road, Suite 300 
Phone: (412) 244-9800 


TENNESSEE 
Knoxville 37923 

9041 Executive Park Drive 

Suite 411 

Phone: (615) 690-6422 

From Oak Ridge (615) 482-7349 


TEXAS 

(Dallas) 

1551 Corporate Drive 

Irving 75038 

Mailing Address: 

P.O. Box 165027 

Irving 75016 

Phone: (214) 550-0525 

Metro: (214) 751-0470 

TELEFAX: (GP 1) (214) 258-0525 X256 


Houston 77099 

10887 S. Wilcrest Drive 
Phone: (713) 933-3000 
Mailing Address: 
P.O. Box 4309 
Houston 77210 


San Antonio 78232 
14800 San Pedro Avenue 
Suite 112 

Phone: (512) 496-1161 


Kelly 78226 

Billy Mitchell Center 
227 Billy Mitchell Road 
Phone: (512) 432-1341 


UTAH 

Salt Lake City 84115 
Timesquare Park 

300 Mercer Way 
Phone: (801) 486-1091 


VIRGINIA 

(Crystal City) 

Rosslyn Center 

1700 N. Moore Street 

Suite 1620 
Arlington, VA 22209 
Phone: (703) 522-4500 
Newport News 23602 

606 Denbigh Bivd., Suite 703 
Phone: (804) 874-0099 


WASHINGTON 
(Seattie) 

3709 157th Avenue NE. 

P.O. Box 97021 

Redmond, WA 98073-9721 
Phone: (206) 885-0900 


CORPORATE OFFICE 
Tektronix, Inc., 

P.O. Box 500 

Beaverton, Oregon 97077 
Telephone: (503) 627-7111 


PRINCIPAL PLANT 


Tektronix Industrial Park, 
Beaverton, Oregon 97077 


DIRECT ORDER: 


For Continental United States, Alaska, 

Hawaii, Virgin Islands and Puerto Rico. 
Contact our National Marketing Center: 
Phone: (800) 426-2200 

For State of Oregon, 

call collect (503) 627-9000. 


ADDITIONAL 
LITERATURE 


or Tektronix Sales Office 
serving you: 

P.O. Box 1700, 

Beaverton, Oregon 97075 
Phone: (800) 547-1512 
Oregon only: (800) 452-1877 
TLX: 151754, 

TWX: (910) 467-8708 
TEKTRONIX BEAV. 
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™ 
PATENT PENDING 


A SEALED I/R TOUCH DISPLAY MODULE 
90 FAR ADVANCED YOU HAVE TO SEE 
IT TO BELIEVE IT 


ONLY 
be 10.278" 2. 50” 


THIN! 


FULLY INTEGRATED 912x256 MATRIX EL DISPLAY MODULE 
INCLUDES I/R SEAM ~AND GRAPHICS/TEXT TERMINAL 
CONTROLLER. 


e One-piece molded I/R frame and ea? bezel / _ @ Minimum footprint, compact cube. 
filter. e |/R touch frame fits within display panel frame 
e Fiush mounts in your front panel cutout. outline. 
e Sealable from moisture and dirt — antiglare, e Ultra-compact module occupies minimum 
scratch-resistant, polarized filter included. space. See dimensions above. 
® Flat display screen and flat touch plane elimi- 


e Low power requirement — 20 Watts ical, re- 
Z : YP nates parallax. 


bobs only +5, +12 vdc input. 


ENHANCED OPERATIONAL FEATURES ASSURE MAXIMUM 
PERFORMANCE AND DESIGNER EASE! 


e NEW “FTS” GRAPHICS: ¢ EXPANDED TOUCH SOFTWARE: 

e Dual processor architecture gives highest gra- @ High resolution. 
phics performance in the industry. e Automatic button draw and button pages. 

e Fast — 2400 vectors/sec., 4 million pixels/sec. e Pop-up menus. 
(block fill). e Enter, exit and track touch modes. 

e Convenient interfaces — serial, parallel, raster, ¢ Software compatible with earlier DeeCO 
DMA, keyboard. systems. 

e ASCII encoded. Callable on-screen ASCII vedboald 


e VT100* TERMINAL EMULATION: 
_ @ \V/T100* based text capability. CALL NOW FOR A FREE DEMONSTRATION 


e No hand-shaking required at 19.2K baud. (415) 786-0520. 


THE DISPLAY INNOVATORS See us at SOUTHCON ’87-BOOTH 948 
DIGITAL ELECTRONICS CORPORATION 


26142 Eden Landing Road ® Hayward, CA94545 ® (415) 786-0520 
Telex: 172073 DIGELEC HYWD ® Facsimile: (415) 786-1040 


*\/T100 is a Trademark of Digital pe Co. ° 
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where besi-sellers begin. 
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With one of the largest standard cell and gate array libraries, 
and a first-time success rate of virtually 100%, GE/RCA has 
all the tools you need to design leading-edge products. 


The GE/RCA library of hundreds of veri- 
fied cells and functions is one of the broadest 
inthe industry. 

We have cells with effective gate length 
as small as 1.5u (.9u coming soon). And 
double-level metal for higher-density chips 
that handle higher clock speeds. 

You can choose from a wide range of 
supercells, including core micros, RAMs, 
analog functions and bit-slice processors. 
Right now, we're working on new editions, 
including Advanced CMOS Logic, EPROMs 
and high-voltage cells. Additionally, we 
can generate custom cells to meet your 
requirements. 

SO you Can easily reduce an entire sys- 
tem onto a single ASIC chip, and get the 
ASIC benefits of smaller power supplies, 
lower system cost and higher reliability. 

Plus a full library of gate arrays. 

If your design calls for gate arrays, you 
can select from a broad line with up to 
13,000 gates. With alternate sourcing on the 
LS|/Toshiba series. 

GE/RCA gate arrays have effective gate 
lengths as smallas 1.2u.Andthey’re compati- 
ble with the industry standard. 

Writing made easy. 

We've made it easy for you to write your 
best-selling design. 

Our designer-friendly software gets you 
up to speed in as little as the three days 
required for our training course. 

And our software supports the major 
workstations in the industry, including 
Daisy/" Mentor Graphics,.™ Valid™ P-CAD® 


Daisy™ is a trademark of Daisy Systems Cor 

Mentor Graphics™ is a trademark of Mentor Graphics Corp. 

Valid™ is a trademark of Valid Logic Systems 

FutureNet® is a registered trademark of FutureNet a Data |/O Company. 
P-CAD® is a registered trademark of Personal CAD Systems, Inc. 


and FutureNet® 

Through the use of Twins, our transpar- 
ent workstation interface system, you can 
complete or revise your design at practically 
any workstation. 

We're also in the forefront of silicon 
compiler technology. So we can offer you 
the ability to create designs that are heavily 
BUS-structured, with your ROMs, RAMs, 


PLAs and ALUs compiled right into the design. 


The best editors in the business. 

We know how important accurate per- 
formance modeling is to you. That's why 
we ve developed the industry's most 
advanced simulation and parasitic extrac- 
tion programs, which make it easy to create 
designs that work. In fact, our first-time 
success rate is virtually 100%. 

And youcancounton our ASICs special- 
ists for technical support from design through 
production. One other thing you can count 
on with GE/RCA: there are no hidden 
charges in addition to your NRE. 

On the best-seller list for years. 

GE/RCA has been the CMOS company 
since the day we invented the technology. 
We've produced one best-selling CMOS cir- 
Cuit after another. And built the industry’s 
broadest line of High-Rel CMOS parts, 
including super radiation-hardened 
Silicon-on-Sapphire. 

With all this behind you, think how easy it 
could be to design a best-seller. 

For more information, call toll-free 
800-443-7364, ext. 14. Or contact your local 
GE/RCA sales office or distributor. 
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evealed: 
ompatibi ility. 


Amphenol’ 97 Series circulars 
with solder or crimp contacts 
are fully intermateable and 
intermountable. 


Amphenol 97 Series circular connectors let you choose 
the termination method that’s right for you. Solder for 
applications requiring MIL-C-5015 Certification. Crimp for 
applications where the economies of high speed auto- 
matic termination can be realized. 

Either way you get a rugged metal shell, machined 
coupling threads and UL component recognition over a 
wide variety of insert configurations. 

You also get flexibility that lets you change your mind 
without changing your design. Because 97 series crimp 
and solder connectors are fully interchangeable with each 
other and with MIL-C-5015 connectors. 

97 series connectors offer you a choice from 14 sizes of 
solid shell receptacles in wall mount, cable mount and box 
mount styles. And a selection of straight, quick disconnect 
or angle plugs with solid or split backshell construction. 

Add our full range of accessories, including splash-proof 
backend hardware and you'll understand why Amphenol 
97 Series circular connectors have been the low cost com- 
mercial standard for over 25 years. 

For more information, prices and delivery, contact your 
nearest Amphenol Products distributor or: 


Call 1-800-323-7299 


In Canada, (416) 291-4401 
Amphenol Products, Lisle, IL 60532 


Amphenol Products 
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AMERICAS BEST 
PROGRAMMERS 


Z2-2500B IN-CIRCUIT 
MEMORY CARD PROGRAMMER 


e Programs and tests up to 32 customer 
memory cards populated with EPROMs or 
microcomputers at a time. 


Two 1.2 Mbyte DSDD floppy disk drives. 
Optional 20 Mbyte hard disk. 


Simple menu driven operation. 


Turnkey systems include programmer, ter- 
minal, custom interface hardware and soft- 
ware. 


Z-3000 HIGH VOLUME 
GANG/SET PROGRAMMER 
14,000 27256’s programmed per day. 


32 EPROMs simultaneously with 1 to 8 
DATA BLOCKS. 


16 Intel or Motorola MCUs ata time. 
64K to 256K bytes of DATA RAM. 


Z-1200B TWELVE SOCKET 
GANG/SET PROGRAMMER 
2716 — 27512, 1 to 4 DATA BLOCKS. 
64K to 256K bytes of DATA RAM. 
Software personality. No plug-ins. 


Z-1000B UNIVERSAL 
PROGRAMMER 


Over 600 PLDs, EPROMs, EEPROMs, bi- 
polar PROMs and INTE! MCUs. 


Upgradeable PROM based software. 
Stand alone or PC/XT/AT operation. 
Two independent RS-232 ports. 

64K or 256K bytes of DATA RAM. 
EXATRON handler interface is standard. 


ZAP SERIES low cost programmers for 
EPROMS and single-chip MCUs. 
Z-400 for bipolar PROMs and EPROMs. 


SUNRISE ELECTRONICS, INC. 


524 South Vermont Avenue 
Glendora, California 91740 
(818) 914-1926 
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CALENDAR 


Buscon West (Bus/Board Users 
Show and Conference), Los Ange- 
les, CA. Buscon, 17100 Norwalk 
Blvd, #116, Cerritos, CA 90701. 
(213) 402-1610. January 20 to 21. 


Syscon (Subsystems Conference 
and Exposition), Los Angeles, CA. 
Syscon, 17100 Norwalk Blvd, #116, 
Cerritos, CA 90701. (218) 402-1610; 
(714) 552-4617. January 20 to 21. 


Usenix Technical Conference, 
Washington, DC. Usenix Associa- 
tion, Box 385, Sunset Beach, CA 
90742. (213) 592-8243. January 21 
to 23. 


Annual Reliability and Maintaina- 
bility Symposium, Philadelphia, 
PA. J L Rodriguez, Allied Bendix 
Aerospace, 15825 Roxford St, 
Sylmar, CA 91342. (818) 367-0111, 
X2276. January 27 to 29. 


ASEE (Advanced Semiconductor 
Equipment Exposition and Techni- 
cal Conference), Santa Clara, CA. 
Cartlidge & Associates, 1101 S Win- 
chester Blvd, M259, San Jose, CA 
95128. (408) 554-6644. January 27 
to 29. 


Computer Graphics New York ’87, 
New York, NY. Exhibition Market- 
ing and Management, 8300 Greens- 
boro Dr, Suite 690, McLean, VA 
22102. (703) 893-4545. January 28 
to 30. 


Invitational Computer Confer- 
ence, Fort Lauderdale, FL. B J 
Johnson & Associates, 3151 Airway 
Ave, #C-2, Costa Mesa, CA 92626. 
(714) 957-0171. January 29. 


Modern Electronic Packaging, Or- 
lando, FL. Technology Seminars, 
Box 487, Lutherville, MD 21093. 
(301) 269-4102. February 9 to 11. 


Invitational Computer Confer- 
ence/Computer Graphics Series, 
San Jose, CA. B J Johnson & Asso- 
ciates, 3151 Airway Ave, #C-2, 
Costa Mesa, CA 92626. (714) 957- 
0171. February 10. 
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MICRO-CAP II. 
he CAE tool with fully interactive 
analog simulation for your PC. 


Spectrum Software’s MICRO-CAP II® is 
fast, powerful, and feature rich. This fully 
interactive, advanced electronic circuit 
analysis program helps engineers speed 
through analog problems right at their 
own PCs. 


MICRO-CAP II, which is based on our origi- 
nal MICRO-CAP software, is a field-proven, 
second-generation program. But it’s dra- 
matically improved. 


MICH-CAP II] SCHEMATIC EDITOR 


Schematic Editor 


MICRO-CAP II has faster analysis routines. 
Better resolution and color. Larger librar- 
ies. All add up to a powerful, cost-effective 
CAE tool for your PC. 


The program has a sophisticated inte- 
grated schematic editor with a pan capa- 
bility. Just sketch and analyze. You can step 
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Transient Analysis 


component values, and run worst-case 
scenarios—all interactively. And a 500-type* 
library of standard parts is at your finger- 
tips for added flexiblity. 

MICRO-CAP II is available for IBM® PCs 
and Macintosh.” The IBM version is CGA, 
EGA, and Hercules® compatible and costs 
only $895 complete. An evaluation version 
is available for $100. Call or write today for 
our free brochure and demo disk. We'd like 
to tell you more about analog solutions in 
the fast lane. 


M@ Integrated schematic editor 

@ Fast analysis routines 

™@ High-resolution graphic output 

@ Standard parts library of 500* types 


*IBM versions only. 
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pen 


M@ Transient, AC, DC, and FFT routines 
@ Op-amp and switch models 

M@ Spec-sheet-to model converter* 

@ Printer and plotter* hard copy 


16x 


cee , 
FREQUENCY IM HZ 


168 .GBRREB+E2 HZ Gair = -111.362 BB 
Degrees Group delay= & 
~369 SBGG1E-8i DB/OCT Peak gain 


or 


1021 S. Wolfe Road, Dept. 
Sunnyvale, CA 94087 


(408) 738-4387 


MICRO-CAP II is a registered trademark 
of Spectrum Software. 


Macintosh is a trademark of McIntosh Laboratory, Inc. 
and is being used with express permission of its owner. 


Hercules is a registered trademark 
of Hercules Computer Technology 


IBM is a registered trademark 
of International Business Machines, Inc. 
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QUICK—Memorize this list: 


CALENDAR 


175.69 18.905 1.7868 171.67 143.98 Principles of Pulse Doppler 
1.6523 153.47 15.097 132.69 185.36 R r: High. Medium. and Low 
17.546 185.98 16.264 1.3789 1.6243 Son : ; , ee 
1.5136 175.16 18.079 158.77 17.265 (short course), Atlanta, GA. 
154.52 19.090 15.778 197.35 16.230 Georgia Institute of Technology, 
Snes ao oS on one Department of Continuing Educa- 
1.7566 18.236 1.7805 198.67 189.20 tion, Atlanta, GA 30382. (404) 894- 
187.43 17.647 152.78 189.36 17.654 2547. February 10 to 12. 

18.347 16.154 1.5737 18.745 195.86 

17.961 1.8497 15.876 191.60 17.949 nee 

16.975 186.67 175.87 15.134 145.87 Invitational Computer Confer- 
1.8264 13.478 16.783 16.598 157.83 ence, Raleigh, NC. B J Johnson & 
15.783 1.1654 136.56 11.387 Se: Associates, 3151 Airway Ave, #C -2, 
15.786 118.75 158.70 114.36 17.16 : 
11.080 1.1342 178.67 10.287 1.6085 Costa Mesa, CA 92626. (714) 957 
1.2136 1.8514 10.562 1.2905 191.70 0171. February 19. 


Invitational Computer Confer- 

ence/Computer Graphics Series, 

Dallas, TX. B J Johnson & Associ- 

ates, 3151 Airway Ave, #C-2, Costa 

Mesa, CA 92626. (714) 957-0171. 
February 24. 


fe 175 Autoranging DMM can—up to a hundred readings, 
and automatically determines minimum and maximum 
values. Five full functions and a lot more—for $449. IEEE-488 and 
battery options, too. QUICK: Call (216) 248-0400. Or write: 

Product Information Center: Keithley Instruments, Inc., 
28775 Aurora Road 
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Cleveland, Ohio 44139. 


<EITHLEY 


Nepcon West, Anaheim, CA. CEG, 
Box 5060, Des Plaines, IL 60017. 
(312) 299-9311. February 24 to 26. 


ISSCC (International Solid-State 
Circuits Conference), New York, 
NY. Lewis Winner, 301 Almeria 
Ave, Coral Gables, FL 33134. (805) 
446-8193. February 25 to 27. 


West Lightwave Expo, San Jose, 
CA. Lightwave, 235 Bear Hill Rd, 
Waltham, MA 02154. (617) 890-2700. 
February 25 to 27. 


Spring National Design Engineer- 
ing Show and Conference, Chica- 
go, IL. CEG, 999 Summer St, Stam- 
ford, CT 06905. (203) 964-0000. 
March 2 to 5. 


IEEE Applied Power Electronics 
Conference and Expo, San Diego, 
CA. Melissa Widerkehr, APEC ’87, 
655 15th St NW, Suite 300, Wash- 
ington, DC 20005. (202) 347-5900. 
March 2 to 6. 


Invitational Computer Confer- 
ence, Austin, TX. B J Johnson & 
Associates, 3151 Airway Ave, #C-2, 
Costa Mesa, CA 92626. (714) 957- 
0171. March 3. 
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Introducing OptiLab: 


The Complete Microprocessor Development Toolbox. 


You need the right tools to 
speed completion of your 
project and improve its 
quality. 

That's why we created the 
OptiLab toolbox. The tools 
you want for beginning- 
to-end development and 
optimization of micro- 
processor code. OptiLab’s 
fully-integrated, PC-based 
system lets you debug, 
analyze, modify, optimize, 
and test code in a seam- 
lessly integrated environ- 
ment. You can add your 
own cross-assembler, too. 


Analyzer 

In-Circuit Emulator 
Line-by-Line Assembler 
Debug Package 
Performance Analyzer 
Stimulus Generator 
EPROM Programmer 


to final optimization of your 
software can be done with 
the OptiLab toolbox. 


OptiLab presents a graphical 


display of actual program 
performance. 
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Everything from assembly 


The star of the OptiLab 
is Program Performance 
Analysis that helps you 
uncover invisible bugs, 
eliminate unneeded code, 
and cure program ineffi- 
ciencies. OptiLab runs in 
real-time, is non-intrusive, 
and gives you outstanding 
performance at a remark- 
ably low price. 

There's more. OptiLab’s 
48-channel analyzer lets 
you track bus state ac- 
tivity and trap bugs fast. 
Monitor your software as it 
executes in real time with 


ASSEMBLE 
DEBUG 
TEST 


OPTIMIZE 


the full-featured 8/16-bit 
In-Circuit Emulator. Send 
test patterns with the Input 
Stimulus Generator and 
observe their effects. 
With the built-in EPROM 
Programmer, you can 
program devices without 
leaving OptiLab. 

Orion offers you ready 
support for more than 
150 different microproces- 
sors. MicroTargets™ allow 
you to run and test your 
software even before you 
have working hardware. 
And our crack team of 


Applications Engineers 
is standing by if you need 
assistance. 

But here's the real news. 
OptiLab is priced under 
$7,000. Or, you can start 
with a basic Orion system 
for as little as $2,995 and 
add capabilities as you 
need them. 

Call now for complete 
information on OptiLab 
or other Orion microproc- 
essor development tools. 
All Orion products are sold 
with a 15-day money-back 
guarantee. 


ae ar ara 


Call Toll Free: 1-800-245-8500 


In California: (415) 361-8883 


INSTRUMENTS, INC. 


Orion Instruments, Inc., 702 Marshall Street, Redwood City, California 94063, U.S.A. Telex: 530942 
CIRCLE NO 36 
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ONE PROTOTYPE 
THREE PRO] 


Designing VLSI circuit boards that work the first Incremental compiling lets you revise a design and resimu- 
time isn't child’s play. You can’t doit without fast, accurate late in minutes. 
feedback on design and test quality. Make your design work together before 

Now count on Teradyne to help. With our new family it comes together. 
of CAE products, you'll uncover flaws before they're cast LASAR Version 6 is the only sure way to avoid multi- 
in hardware. So you'll be able to jump from initial design ple trips to artwork as well as costly rework steps in manu- 
directly to final prototype. And from design to manufac- facturing. Because its simulation accuracy is unmatched 
turing test. 


Start with a firm design foundation. 

The process starts with DATAView our new design 
entry system. Running it ona standard AT-class PC, you 
can control the whole design process right at your desk. 
From schematic entry and waveform analysis on the PC 
to simulation and fault simulation on more powertul net- 
worked computers. All with the same mouse-and-menus, 
multiple-window interface. 

You move from schematic capture to simulation 
effortlessly. DATAView’s links with our LASAR Version 


6 simulation system save hours of model compilation time. ’ 


Teradyne networks advanced CAE tools for convenience and performance. 
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giving you a working prototype the first time. 


for analyzing PC board designs prior to prototyping. For 
instance, LASAR takes full device timing specifications 
into account for true worst-case timing analysis. And it 
eliminates shared timing ambiguity in reconverging sig- 
nals. Both of which mean LASAR finds real design errors 
reliably. 

Finally, you can use LASAR fault simulation. It will 
uncover testability problems and untested circuit functions 
before it’s too late. 

Simulation without trial and tribulation. 

LASAR also takes care of the board modeling prob- 
lem. It includes models of over 4000 devices. And the most 
popular gate array libraries. 

For new VLSI parts, our DATASource hardware 
modeling system uses actual devices instead of software 
models. A single system supports multiple users and 
concurrent fault simulation. With extraordinarily fast 
response. 

LASAR and DATASource work with any VAX. For 


simulations up to 25 times faster, you can use our new 
parallel/multiprocessing host, DATAServer. It will give 
you quick results, with full LASAR precision. 
Teradyne makes it easy. 

If you want to avoid multiple prototypes and get 
to market faster with better products, Teradyne’s new 
CAE system is the way. Why not call Daryl Layzer at 
(617) 482-2700, ext. 2808 for more information. Or write 
Teradyne, 321 Harrison Avenue, Boston, MA 02118. 


VAX is a trademark of Digital Equipment Corp. 
AT is a trademark of International Business Machines Corp. 


We measure quality. 
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EDITORIAL 


Let’s get NASA back on track 


A year after the Challenger disaster, NASA still seems paralyzed 
and mired in indecision. It’s time to decide whether we want to 
expand our space program or to abandon space exploration to the 
Russians, Japanese, and Europeans. If we choose to continue our 
space program, we need a renewed sense of pride, as well as 
activities that provide measurable success. Also, one technology 
must never again so completely dominate all others. For example, 
by declaring the space shuttle our primary launch system for space 
exploration, we stifled technology that might now be available to 
launch unmanned probes into space. One accident effectively 
blocked new attempts to explore space and to put strategically 
important satellites into orbit. Astronomical and planetary missions 
such as Galileo, Magellan, and Ulysses are years behind schedule. 

Because of our lack of alternative launch capabilities, our efforts 
in exploring space have lost a lot of momentum, and other nations 
are quick to fill the vacuum. The European Ariane program will 
launch some of the waiting payloads (although that program also 
suffers from reliance on a single technology). Chinese and Japanese 
space programs may also provide commercial launch services in the 
near future. With the loss of the Challenger, available payload slots 
are at a premium, and many US payloads will remain unlaunchable 
at any price. 

Retired scientist-astronaut Owen K Garriot recently proposed a 
heavy-launch rocket that could be built with private funds. Hughes 
Aircraft Co and Boeing Aerospace Co seem to agree. Both compa- 
nies want to develop jointly a 3-stage, medium-launch vehicle that 
incorporates the best features of an older Saturn-like rocket, along 
with structures and electronic systems developed for the shuttle. 
Basing the vehicle on available technology answers our immediate 
need to get back into space. However, we must also invest in new 
technologies that hold promise for the future. 

Before we can get NASA back into the space-exploration busi- 
ness, we also need a strong leader, with sound technological vision, 
who can set our course. None of today’s administrators seem able to 
capture and focus our imagination the way Werner Von Braun and 
John Kennedy did in the early 60s. Neil Armstrong and Frank 


Borman, where are you? 


Jon Titus 
Editor 
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After 16 years 
_.., inthe 
military market, 
we've learned 
it’s no picnic. 


It's war. 


When your objectives the military IC market, 
you'd better-be prepared for a fight. 

That’s why Intersil; under the leadership re 
General Electric, has invested over $50 million to field 
one of the best equipped, most highly motivated 
mulitary forces in semiconductors today. 


Over 300 military-compliant parts. 
And uns = 
of Intersil’s rae pecarednass we 
Our ars rsenal of JAN QPL and 883B, Rev. C- 
aa parts. 
Phe last time we counted off, we had over 300. 


Sees =—-converters, Op amps, power supply management ICs, 
=| -UARTs, microcontrollers, timers and A/D and D/A 
converters. 
We started stockpiling IEEE in 1974, with our 
2N5114 I F BL : 


— —— SEIT 


eee 


SSeS 


- Today we're adc 
to our list—and recording 
firsts—faster than ever in 
our military history. For 
example, our AD7541- 
recently became the first 
12-bit D/A converter to 
= pass QPE muster. 


Reqs 
Ses Poy 


But. as you know,” 3 
-along list of QPL parts is Se half 
=the battle: You’ ve also got to be able to sees them on 
time, in yolume. - 

_ Once Ags Intersil S got you covered. 


“Ancluding analog switches, JFETs, multiplexers, voltage | 


=ponded inventory, you’ve got it. 


| DESC) drawings, we have 59 on hand, witht more 


So Intersil 
is armed to the teeth. 


ge 


== If you need the security of a 


Do you want off-the-shelf 
inventory at any. of our military 
distributors? No problem. 


We can document 
our military commitment 
with 10,000 Source Control Drawings. 
“Of course, part numbers can never take the place 

of comnutment. And you-can be sure Intersil has no 
intention of being-out-gunned in that area, either. 

As proof, we offer our active file of 10,000 Source 
Control Drawings=— —— = 

Some suppliers have apparently turned their backs 
on the idea of working from a customer’s own drawings. 

Not Intersil. We continue to work from SCDs, as we 
have fromday one. 
~~ Ifyou prefer to work from Military (formerly called 


to lollow. 


Anything's possible with Great Engineering. 


= We'llalso 

-offer you.a wide choice 
of muilitary-compliant 
processing options, including 
MIL-M-38510, MIL-S-19500, EE: 
to MIL-SED-883B, Rev. C and MIL-STD-750. 
Or you can specify additional QC options, equivalent to 
Class “S” processing, at considerable savings. 


Four fabs certified by DESC. 
Armies travel on their stomachs; IC supphers on 
their fabs. 
That’s why Intersil has built four fabrication 
facilities, es for JAN38510 CMOS and 
‘bipolar produc ill: keep p Our ‘shelves 
well-stocked. feeeeee 
And to make sure ee fe always stacked with 
technologically superior parts, we're also seis the 
VLSI weapons of the future. So 
We're turning out anew generate a more Soi you: need 0) 
Sp. _ versatile analog switches with our ‘| BEES sree oe mM 
ta, “new 130-volt CMOS process: =} 4.5 
= We're designing highly : 
advanced, very low noise + 
 . senalog devices with our 
s “new BiMOS process. 


Forfree eee eee dial 1.800- 345-7335 es 
(203-852-9201 in Connecticut)-and follow the On se ; 
Line Instructions printed on the back. Beers 


When you see what Intersil has for the military, 


Intersil OPL/Hi-Rel Devices 


Data Acquisition Products 
JM38510 
12702BEA AD7520UD 
12703BVA AD7521UD 
12704BVC AD7541TD 
Analog Switch Products 
JM38510 
10501BEA IH5040MDE 
10501BEC IH5040MDE 
10502BEA IH5041MDE 
10502BEC IH5041MDE 
10503BEA IH5042MDE 
10503BEC IH5042MDE 
10504BEA IH5043MDE 
10504BEC IH5043MDE 
11101BAC DG181AL 
11101BCC DG181AP 
11101BIC DG181AA 
11101BCA DG181AP 
11102BAC DG182AL 
11102BCC DG182AP 
11102BIC DG182AA 
11102BCA DG182AP 
11103BAC DG184AL 
11103BEC DG184AP 
11103BEA DG184AP 
11104BAC DG185AL 
11104BEC DG185AP 
11104BEA DG185AP 
11105BAC DG187AL 
11105BCC DG187AP 
11105BIC DG187AA 
11105BCA DG187AP 
11106BAC DG188AL 
11106BCC DG188AP 
111068IC DG188AA 
11106BCA DG188AP 
11107BAC DG190AL 
11107BEC DG190AP 
11107BEA DG190AP 
11108BAC DG191AL 
11108BEC DG191AP 
11108BEA DG191AP 
12302BEA DG201AP 
12302BEC DG201AP 
New JM38510 QPL 
Forthcoming 
Analog Switch 
10505BEC IH5044 
10505BEA IH5044 
10506BEA IH5045 
10506BEC IH5045 
11101BIA DG181 
11102BIA DG182 
11105BIA DG184 
11106BIA DG185 
11601BCC DG300A 
11601BCA DG300A 
11602BCC DG301A 
11602BCA DG301A 
11603BCA DG302A 
11603BCC DG302A 
11604BCA DG303A 
11604BCC DG303A 
19001BXC IH6116 
19003BXC IH6216 


~ 1H6108 
19008BEA IH6208 


19008BEC IH6208 
Military DWG. No. 


DESC77052-01EA |H6108MJE 
DESC77052-01EC IH6108MDE 
DESC77052-01EA IH6108MDE 


DESC77053-01EA DG201AK 
DESC77053-01EC DG201AP 
DESC77053-01EA DG201AP 
DESC78014-01CA DG129AK 
DESC78014-01CC DG129AP 
DESC78014-01CA DG129AP 


DESC81006-01AC IH5040MFD 
DESC81006-01EC IH5040MDE 
DESC81006-01EA IH5040MDE 


DESC81006-02AC 1H5041MFD 
DESC81006-02EC IH5041MDE 
DESC81006-02EA 1H5041MDE 
DESC81006-02IA 1H5041MTW 
DESC81006-02IC +IH5041MTW 
DESC81006-02IB _1H5041MTW 


DESC81006-03AC IH5042MFD 
DESC81006-03EC IH5042MDE 
DESC81006-03EA IH5042MDE 
DESC81006-031A + |H5042MTW 
DESC81006-03IC +IH5042MTW 
DESC81006-03IB |H5042MTW 


DESC81006-04AC IH5043MFD 
DESC81006-04EA IH5043MJE 
DESC81006-04EC IH5043MDE 
DESC81006-04EA IH5043MDE 


DESC81006-05AC |IH5044MFD 
DESC81006-05EA IH5044MJE 
DESC81006-05EC IH5044MDE 
DESC81006-05EA IH5044MDE 
DESC81006-051A = IHS044MTW 
DESC81006-05IC +|H5044MTW 
DESC81006-051B |H5044MTW 


DESC81006-06AC IHS045MFD 
DESC81006-06EA IH5045IMJE 
DESC81006-06EC IH5045MDE 
DESC81006-06EA IH5045MDE 
DESC81006-061A |IH5045MTW 
DESC81006-06IC + IH5045MTW 


S3B 
ay. 


DESC81006-06IB + |IH5045MTW 
DESC81006-07AC IH5046MFD 
DESC81006-07EA IH5046MJE 
DESC81006-07EC IH5046MDE 
DESC81006-07EA IH5046MDE 
DESC81006-08AC 1H5047MFD 
DESC81006-08EA 1H5047MJE 
DESC81006-08EC 1H5047MDE 
DESC81006-08EA 1H5047MDE 


596285131-04XA 1H5116MuI 
596285131-04XA 1H5116MDI 
596285131-04XC 1H5116MDI 
596285131-05XA 1H5216Mul 
596285131-05XA 1H5216MDI 
596285131-05XC 1H5216MDI 
596285131-06EA IH5208MJE 
596285131-06EA IH5208MDE 
596285131-06EC IH5208MDE 
MIL-S-19500 Transistors 
2N3821JAN 2N4858JAN 
2N3821JTX 2N4858JTX 
2N3821JTXV 2N4858JTXV 
2N3823JAN 2N4859JAN 
2N3823JTX 2N4859JTX 
2N3823JTXV 2N4859JTXV 
2N4091JAN 2N4860JAN 
2N4091JTX 2N4860JTX 
2N4091JTXV 2N4860JTXV 
2N4092JAN 2N4861JAN 
2N4092JTX 2N4861JTX 
2N4092JTXV 2N4861UTXV 
2N4093JAN 2N5114JAN 
2N4093JTX 2N5114JTX 
2N4093JTXV 2N5114UTXV 
2N4856JAN 2N5115JAN 
2N4856JTX 2N5115JTX 
2N4856JTXV 2N5115JTXV 
2N4857JAN 2N5116JAN 
2N4857J5TX 2N5116JTX 
2N4857J5TXV 2N5116JTXV 


you'll be glad we're on your side. 


Latest List of MIL-STD-883B Rev. C Compliant Devices 


Data Acquisition Products 
883B Rev C. 
AD7520SD/883B DG151AL/883B 
AD73201D/883B DG152AK/883B 
AD7520UD/883B DG152AL/883B 
AD7521SD/883B DG153AL/883B 
AD7521TD/883B DG153AP/883B 
AD7533SD/883B DG154AK/883B 
AD7533TD/883B DG154AL/883B 
AD7533UD/883B DG161AL/883B 
AD7541SD/883B DG161AP/883B 
AD7541TD/883B DG162AK/883B 
ICL7134UJMJ1/883B | DG162AL/883B 
ICL7134UKMUI/883B | DG163AL/883B 
ICL7134ULMJI/883B | DG163AP/883B 
ICL7662MTV/883B DG164AK/883B 
ICL8038AMJD/883B | DG164AL/883B 
ICL8038BMJD/883B | DG180AA/883B 
ICL8069DMSQ/883B ‘| DG180AK/883B 
ICL8212MTY/883B D6 1804/8838 
r 

Une DG181AK/8838 

DG181AL/883B 
883B Rev C. 

DG182AA/883B 
ICM7555MTV/883B nad 
ICM7556MJD/883B Peano 
Amplifiers-Operational DG183AL/883B 
883B Rev C. DG183AP/883B 
ICL8023MJE/883B DG184AK/883B 
Analog Switch Pe eae. 
ogc : DG185AL/8838 

ev UL. DG186AA/883B 

D123AK/883B DG186AL/883B 
D123AL/8838 DG186AP/883B 
D125AK/883B DG187AA/883B 
D125AL/883B DG187AK/883B 
D129AK/883B DG187AL/883B 
D129AL/883B DG188AA/883B 
DG126AK/883B DG188AK/883B 
DG126AL/883B DG188A1/8838 
DG129AK/883B DG189AP/883B 
DG129AL/883B DG190AK/883B 
DG133AK/883B DG190A/883B 
DG133AL/883B DG191AK/883B 
DG134AK/883B DG191AL/883B 
DG134AL/883B DG200AA/883B 
DG139AK/883B DG200AK/883B 
DG139AL/883B DG201AK/883B 
DG140AL/883B DGM181AA/883B 
DG140AP/883B DGM181AK/883B 
DG141AL/883B DGM182AA/883B 
DG141AP/883B DGM182AL/883B 
DG142AK/883B DGM184AK/883B 
DG142AL/8838 DGM184AL/883B 
DG143AK/883B DGM185AK/883B 
DG143AL/883B DGM185AL/883B 
DG144AK/883B DGM190AK/883B 
DG144AL/883B DGM190AL/883B 
DG145AL/883B DGM191AK/883B 
DG145AP/883B DGM191AL/883B 
DG146AL/883B IH5009MJD/883B 
DG146AP/883B IH5010MJD/883B 
DG151AK/883B IH5011MJE/883B 


IINWEIRSIL 


10600 Ridgeview Court, Cupertino, CA 95014 
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IH5012MJE/883B 
IH5013MJD/883B 
IH5014MJD/883B 
IHS015MJE/883B 
IHS016MJE/883B 
1H5017MDD/883B 
I1H5018MDD/883B 
IHS019MDE/883B 
IHS020MDE/883B 
IH5021MDD/883B 
IH5023MDE/883B 
IHS024MDE/883B 
IHS040MFD/883B 
IHS040MJE/883B 
IH5041MFD/883B 


IH5041MJE/883B iM 


IH5041MTW/883B 
IH5042MFD/883B 
IH5042MJE/883B 
IH5042MTW/883B 
IHS043MFD/883B 
IHS043MJE/883B 
IH5044MFD/883B 
IHS044MJE/883B 
IHS045MFD/883B 
IHS045MJE/883B 
IHS046MFD/883B 
IHS046MJE/883B 
IH5047MFD/883B 
IH5047MJE/883B 
IHS5052MJE/883B 
IHS053MJE/883B 
IHS108MJE/883B 
IH5116MJI/883B 
IH5140MFD/883B 
IH5140MJE/883B 
IH5141MFD/883B 
1H5141MJE/883B 
1H5142MFD/883B 
IH5142MJE/883B 
IHS143MFD/883B 
IH5143MJE/883B 
IH5144MFD/883B 
IHS144MJE/883B 
1H5144MTW/883B 
IHS145MFD/883B 
IHS145MJE/883B 
IHS148MFD/883B 
IH5148MJE/883B 
IHS148MTW/883B 
IH5149MFD/883B 
IHS149MJE/883B 
IHS150MFD/883B 


IH5150MJE/883B 
IH5150MTW/883B 
IH5151MFD/883B 
1H5151MJE/883B 
IH5208MJE/883B 
1H5216MuJI/883B 
1H5341MTW/883B 
IH5352MJE/883B 
IH6108MJE/883B 
1H6116MJI/883B 
IH6201MJE/883B 
IH6208MJE/883B 
IH6216MJI/883B 
Microcontrollers, 
Microperipherals, 
emory 

883B Rev C. 
IM6402-1MJL/883B 
IM6402AIJL/883B 
IM6402AMJL/883B 
IM6402IJL/883B 
IM6653AMJG/883B 
IM6653MJG/883B 
IM6654-11JG/883B 
IM6654AMJG/883B 
IM6654MJG/883B 
New 883B Rev C. 


Devices Forthcoming 


ICL8013 
ICL8021 
ICL7667 
ICL7115 
ICL7109 
ICM7170 


GEI-101 


Enter the EDN Reader Vote Advertising Contest by following 
the three steps listed below. 


1. Select the 10 ads in the January 8 issue of EDN that you think your fellow 
readers will choose as being the most helpful, informative, and attractive. 

2. List your selections on the entry card provided. 

3. Mail by February 19, 1987. 


1. List your top selections on the entry card provided. Be sure to 4. Contest void where prohibited or taxed by law. Liability for any 


indicate the name of the advertiser (company or organization) 
and the Information Retrieval Service or Reader Vote number 
for each advertisement selected. Do NOT use page number. (Ads 
placed by Cahners Publishing Company, EDN or other Cahners’ 
publications cannot be considered in this contest.) 


. No more than one entry may be submitted by any one 
individual. Entry blank must be filled in completely, or it will 
not be considered. 


. To qualify, you must be engaged in electronic design engineer- 
ing, supervising or managing design engineering, or setting 
standards for design components and materials. 


taxes on prizes is the sole responsibility of the winners. 


. Entries that most closely match the rank will be declared 


winners. 


. Entry cards must be postmarked before February 19, 1987. 


. In case of a tie, the earlier postmark will determine the winner. 


Decisions of the contest judges will be final. 


. In the event that a prize is not available, publisher may substi- 


tute an alternative prize of equal value without prior notice. 


More power 
for less than 
the cost of 

a TO-126 
bipolar 


50-Volt 


When it comes to motor drive control or 
high-side switching of grounded loads, 
our new N- and P-Channel 50V HEXDIP 
power MOSFETs deliver more at less cost 
than do equivalent bipolar devices. 

Here are some reasons why. 


Unlike traditional die-mounting, HEXDIP 
chips are mounted on a dual-drain copper 
tab, resulting in power dissipation of up 

to 1 Watt—more than any FET in its class. 


Designed for automatic insertion, our 

4-pin HEXDIP packages are end-stackable 
on 100 mil centers. This cuts assembly 
time. And there's no wasted board space 

in high density packing applications. 

Four new HEXDIP 50V Series are available 
in N- and P-Channel types for today’s 
State-of-the-art designs in automotive 
electronics, power supplies, and motor 
drive control circuits. 


Rds(on) ranges from a low of 0.10 Ohms, 
with current ratings up to 2.4 amps de- 
pending on die size. For complete data, 
call (213) 607-8842. Today. 


International 
Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245. U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403 
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB. ENGLAND TELEPHONE (088 33) 3215/4231. TELEX 95219 


Power MOSFETs * CMOS Power ICs - Commercial/Custom Power Packages « Schottkys 
CIRCLE NO 39 Rectifiers - Thyristors (SCRs) « Diode Bridges + Molded Circuits - Assemblies 


TECHNOLOGY UPDATE 


Design steps improve effective resolution 
of digitizing scopes, waveform digitizers 


Chris Everett, Regional Editor 


Sampling rates in digitizing oscillo- 
Scopes and waveform digitizers are 
now at the 1G-sample/sec level and 
climbing, and you can now select a 
digitizing instrument with a band- 
width as high as 1 GHz. Wider 
bandwidths and faster input sig- 
nals, however, result in the intro- 
duction of more noise to the digit- 
izing process. More noise leads to 
reduced vertical resolution, which 
in turn contributes to lower mea- 
surement accuracy, but high-perfor- 
mance oscilloscopes and waveform 
recorders are incorporating low- 
noise designs and other techniques, 
such as averaging and lowpass fil- 
tering, to increase their vertical res- 
olution. 

To better understand the noise 
problems scope and digitizer mak- 
ers face, you should review some 
basic concepts. An ideal A/D con- 
verter generates Q/V12 rms quan- 
tizing noise in an fs/2 bandwidth 
when digitizing a spectrally pure 
sine wave. (Q represents the weight 
of the least significant bit of the 
converter, and fs is the sampling 
frequency.) The ratio of the signal 
(a full-scale sine wave) over the 
quantizing noise generated by an 
ideal N-bit A/D converter is 
6.02N+1.8 dB. For an ideal 16-bit 
converter, the S/N ratio is 98.12 dB. 
The resolving power of the 16-bit 
converter—that is, the smallest sig- 
nal the converter can detect—is 96.3 
dB (Table 1). Consequently, the 
quantizing noise in an ideal convert- 
er does not affect its resolution. 

Ideally, the converter’s quantiz- 
ing noise level is independent of the 
input signal’s amplitude and fre- 
quency as long as the signal’s ampli- 
tude falls within the A/D convert- 
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Both time- and frequency-domain displays are available in Sequence’s Model 3000 wave-’ 
form digitizer. The 1G-sample/sec, 10-bit digitizer uses a design incorporating a parallel- 
processing array to limit unwanted noise and increase the effective bit resolution. 


er’s operating range. Practically, 
though, the A/D converter’s noise 
floor increases with increasing sig- 
nal frequency and with increasing 
signal amplitude. Also, the analog 
and digital circuitry in front of an 
A/D converter can add noise to the 
input signal and further reduce the 
actual effective resolution of the an- 
alog-to-digital conversion process. 


Noise reduces resolution 

One way manufacturers deter- 
mine the effective resolution of a 
digitizing oscilloscope or waveform 
recorder is to measure the S/N ratio 
of the instrument and convert the 
answer from decibels to the number 
of bits. You will see this spec ex- 
pressed as “effective bits” or “effec- 
tive bit resolution.” 

For example, the Sequence Model 
3000, a 1G-sample/sec waveform 
digitizer, has a 10-bit A/D convert- 
er. If you digitize a 350-MHz sine 
wave, you'll find that the resulting 


measurement has an effective reso- 
lution of eight bits. For lower-fre- 
quency signals, the effective resolu- 
tion improves—for example, 8.8 bits 
for a 100-MHz signal. 

Model 3000’s analog input band- 
width is 350 MHz. Its input circuit- 
ry includes a programmable input 
attenuator (with 50-mV/div to 
1V/div sensitivity) and offset con- 
trol. You control the digitizer from 
an IBM PC/XT or PC/AT. In fact, 
you can control eight 3000s from a 
PC/XT. | 

To reduce generated noise within 
the digitizer—and thereby increase 
the effective resolution—Model 3000 
uses a proprietary A/D-converter 
design, which does not include 
CCDs or monolithic flash convert- 
ers. The parallel-processing-array 
design uses hybrid technology and 
yields a time-aperture-jitter spec of 
less than 3 psec rms. 

If your personal computer has an 
8087 coprocessor, you can use the 
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From satellite to factory floor to labora- 
tory, in total infrared imaging capability 
Hughes Aircraft Company leads the 
way. And with the new, smaller, lighter, 
Probeye’ Series 3000 thermal video 
system, Hughes brings the cost of pre- 
cision infrared imaging down to earth. 

Superior display resolution 
(200 lines) and RGB color output for 
Crisp, definitive pictures of heat pat- 
terns in 16 distinct colors. Temperature 


coverage from —20 to 1500 degrees Celsius with tem- 
perature resolution as fine as 0.1 degrees. 
Easy operation with wireless remote control. User- 


Large selection of 
accessories offered 


PCREUREE 
BSEER 
BEER 


3 


New York City as captured from 438 miles up by Hughes thematic mapper aboard Landsat-4 satellite. 


Thermal imaging from 400 miles 
or 0.400 inches. Only from Hughes 


selectable viewing options, direct real- 
time temperature readout and genera- 
tion of graphics and alphanumerics— 
all standard. 

New lower price includes more 
performance, more standard features 
than any comparable system existing 
today. In addition, you have a choice of 
desktop 10-inch monitor or compact 
3-inch monitor—plus complete selec- 
tion of quality lenses and accessories 


for specialized needs. 


For full information or for a hands-on demonstra- 


tion on your application, write or call today. 


Hughes Aircraft Company, Industrial Products Division, 


Seraer tae 


CIRCLE NO 42 


6155 El Camino Real, Carlsbad, CA 92008. 
Phone 619/931-3617 


HUGHES 


AIRCRAFT COMPANY 
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FFT program in the Model 3000’s 
software package to display the 
input in the frequency domain. You 
can also split the screen to display 
the input signal in both the time and 
frequency domains at the same 
time. 


S/N ratio equals resolution 


Like the Sequence 3000, LeCroy’s 
Century Series 2000 waveform digi- 
tizer captures only single-shot 
events. It has a 1.3G-sample/sec 
digitizing rate or, more precisely, a 
741.84-psec sampling period—the 
fastest sampling rate available in a 
solid-state waveform recorder. The 
8-bit A/D converter is built with 
bipolar and thick-film devices. The 
system’s analog bandwidth is 250 
MHz. 

Instead of defining its effective 
resolution in terms of effective bits, 
LeCroy specifies the Century Series 
2000’s S/N ratio for a number of 
input signals. As an illustration, the 
S/N ratio for a 250-MHz, 400-mV 
p-p signal is 27 dB. This ratio trans- 
lates to approximately 4.5 effective 
bits of resolution. For lower-fre- 
quency inputs—for example, a 
5-MHz input—the S/N ratio im- 
proves to 35 dB, which equates to 
approximately 5.8 bits. 

The Century Series 2000 is one of 
several waveform-digitizing sys- 
tems based on the CAMAC stand- 
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You can capture single-shot events to 250 MHz and repetitive events to 500 MHz with 
Hewlett-Packard’s 54111D digitizing oscilloscope. By filtering input signals, you can increase 
the effective vertical resolution of the 54111D’s 6-bit A/D converter to that of an 8-bit A/D 


converter. 


ard. The crate, or instrument main- 
frame, includes the Model 6010 
interface/controller and the Model 
6880 waveform digitizer. Other slots 
in the mainframe accommodate ad- 
ditional digitizers or preamplifiers. 
Because the 6880 can digitize at only 
one sample rate, you may want to 
install one of LeCroy’s other wave- 
form recorders for slow signal acqui- 
sition. You can control the Century 
Series 2000 from its front-panel con- 
trols, a keyboard, a dumb terminal, 
or a PC/XT. The Model 6010 inter- 
face/controller generates its own 
composite-video output for any com- 
posite-video monitor. 


The instrument stores digital 
data in a 10k-word memory. After 
each acquisition, it automatically 
corrects the data for de gain, offset, 
linearity, and high-frequency band- 
width. It uses an internal 10-MHz 
square-wave reference and a series 
of 12-bit de offset voltages to gener- 
ate calibration coefficients. You ini- 
tiate the calibration cycle with a 
front-panel command. The Se- 
quence 3000’s calibration procedure, 
on the other hand, operates auto- 
matically as a background task. 

Good circuit design is one way to 
limit noise in a scope or waveform 
recorder; the use of filters is a sec- 


Repetitive 1-GHz signals resolve to 10 psec when collected by Data 
Precision’s Model 640 waveform-digitizer module. You can use the 
averaging routines found in the Data 6000 mainframe to increase the 
16-bit digitizer’s effective bit resolution. 
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ond way. Filters limit the input 
bandwidth and thus reduce input 
noise and increase an instrument’s 
effective bit resolution. LeCroy’s 
Century Series 2000 has lowpass 
filters with cutoff frequencies of 
150, 220, 270, and 300 MHz. 
Hewlett-Packard’s 54111D 1G-sam- 
ple/see digitizing oscilloscope also 
has lowpass filters, with cutoff fre- 
quencies of 250, 100, and 25 MHz. 

The 54111D combines the advan- 
tages of a 1G-sample/sec waveform 
digitizer with those of a digitizing 
oscilloscope. You can take single- 
shot measurements with 1-nsec res- 
olution on 250-MHz signals (four 
data points per cycle), or you can 
switch modes and take repetitive 
signal measurements on 500-MHz 
signals. 

To achieve this level of perfor- 
mance in the 54111D, Hewlett-Pack- 
ard combined a number of device 
technologies. The attenuator and 
preamp sections of the design use 
both thin-film and thick-film hy- 
brids. The track/hold circuit em- 
ploys gallium-arsenide technology. 
The time-multiplexed output of the 
track/hold circuit feeds four 6-bit 


8-BIT ADC 
 -7BIT ADC 
| 6-BIT Ape 
5-BIT ADC 


ADC INPUT NOISE (RMS) 
ADC DYNAMIC RANGE 


S/N RATIO (dB): 78 ie 66 


18192 1/4096 1/2048 1/1024 1/512 


By averaging measurements, you can increase the effective vertical resolution of the result 
to 14 bits on Tektronix’s 11400 Series of oscilloscopes. The two models in the 11400 Series differ 
only in bandwidth: 500 MHz for the 11401 and 1 GHz for the 11402. 


bipolar A/D converters. Each A/D 
converter feeds a 1.7-~m Microgate 
NMOS memory. A 1-GHz SAW os- 
cillator controls the NMOS timebase 
chip. 

The filter used in the 54111D af- 
fects measurements in two ways. 
First, the filter is a digital over- 
sampling unit that uses the data 
present in multiple quantizing, or 
Q, levels to resolve signals between 
the Q levels of the scope’s 6-bit A/D 
converter. Second, the filter helps 
reduce overall system noise. Any 
reduction in the amount of noise in 
the oscilloscope will result in an 
improved S/N ratio, which trans- 


EFFECTIVE 
BITS 


7 


1256 1128 1/64 1/32 


60 54 48 42 36 x 
(SOURCE: HEWLETT-PACKARD) 


lates to higher effective bit resolu- 
tion. 

When you calculate the effective 
bit resolution for an ideal A/D con- 
verter as a function of input noise, 
you would expect the number of 
effective bits to decrease as noise is 
added to the input. That is precisely 
what the curves in Fig 1 show. For 
noise levels below 1/8192, or 1/2”, 
the value of the ideal A/D convert- 
ers’ full-scale ranges, none of the 
converters detects the noise added 
to its quantizing noise level. But as 
the input noise increases, the effec- 
tive resolution of each of the ideal 
converters starts to tail off. 

When Hewlett-Packard measured 
the effective bit resolution of the 
54111D, it found that, as expected, 
the number of effective bits de- 
creased as noise increased. But 
when an input filter was switched 
on, the number of effective bits in- 
creased as the cutoff frequency of 
the lowpass filter was reduced. 
With the 250-MHz filter on, 
Hewlett-Packard measured 5.25 ef- 
fective bits. When the 100-MHz fil- 
ter was engaged, the effective bit 
resolution increased to 6.25, and 
when the 25-MHz filter was on, the 
effective bit resolution increased to 
7.25 bits. 

Hewlett-Packard plotted the mea- 
sured points against ideal A/D-con- 
verter curves like those shown in 
Fig 1. Because the measured points 
fall on the ideal curves, Hewlett- 


Fig 1—As the noise on an ideal A/D converter’s input increases, the converter’s effective Packard uses the terminology “6-bit 


vertical resolution decreases. For noise levels below 1/8192, no converter detects the noise 


added to its quantizing noise level. 


ae 


- 
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mode,” “7-bit mode,” and “8-bit 
mode” to describe the effective reso- 
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o, Is [here a Real ASIC 
econd Source Setup in the Picture? 


(Hint: Raytheon’s RL7000 and LSI Logic’s LL7000 are like . . .) 


There’s been a lot of wishful thinking 
about an active, genuine, semi-custom 
logic array second source. For very 
good reasons, but without a very 
good solution. Now, the right people, 
technology, and systems have been 
brought together. Raytheon and LSI 
Logic. It’s happening. 


(1 Complete and identical: Long term 
maintenance and bilateral updates of 
well-known LDS™ front and back 
end software. The same methodology. 
The same libraries, logic design, 
physical design, testing. Identical. 


LL7000 and LDS are trademarks of LS! Logic Corp. 
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1 The Right Product: According to 
the marketplace, 7000 Series is the 
leading choice in 2-micron HCMOS 
logic. Now, with a full-on second 
source, 7000 Series is the ASIC 
standard. 


C1 It’s Happening: Raytheon has over 
ten years of logic array experience. 
LSI Logic has over five. Real time, in 
the market, with real products. 


0 Now: You ought to can the apples 


and oranges routine. Call Raytheon 
for a real ASIC matchup. 


CIRCLE NO 43 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7716 


Access to the right technology 
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lution of the 54111D. In other 
words, if you are using the 54111D 
with the 25-MHz filter engaged, for 
example, you will have the same 
effective bit resolution as you would 
with an ideal 8-bit A/D converter. 
But as you can see from the previous 
discussion, that does not mean you 
will have eight bits of resolution. 

The Hewlett-Packard 54111D in- 
corporates many of the measure- 
ment features found in the oscillo- 
scopes of the 54000 family. The 
54111D uses a color display, for 
which you can select seven colors of 
the 4096 colors available. 

Because the 54111D uses a ran- 
dom repetitive sampling technique, 
it can capture and display pre- 
trigger information in both the sin- 


gle-shot event mode and the repeti- 
tive event mode. For repetitive 
events, you can ask the scope to 
examine the incoming signal and 
automatically set the vertical scal- 
ing, offset, trigger level, and time- 
base controls. 

Another feature of the 54111D 
exemplifies yet another way to im- 
prove resolution. For repetitive 
events, the 54111D can average the 
data from several acquisitions to re- 
duce noise and increase the effective 
resolution of the scope. 

In general, when averaging, an 
instrument reduces the amount of 
noise riding on a repetitive wave- 
form by a factor equal to the square 
root of the number of readings aver- 
aged together. For instance, if you 


average 256 measurements, the 
input noise level will fall by a factor 
of 16, which equates to an effective 
resolution improvement of four bits. 

Data Precision’s Data 6000 wave- 
form analyzer can compute a run- 
ning mean average and a final mean 
average on data collected by its 
1-GHz, 16-bit waveform-digitizer 
module. This module, Model 640, 
uses a repetitive sampling technique 
to collect data. Its effective sam- 
pling rate is 100G samples/sec (a 
10-psec sample period). Its analog 
bandwidth is 1 GHz, and the rise 
time is less than 350 psec. The mod- 
ule’s settling time for a full-scale 
step input (settling to within 0.01% 
of its final value) is less than 10 nsec. 

The 640 module has an input 


TABLE 2—HIGH-PERFORMANCE DIGITIZING OSCILLOSCOPES 
AND WAVEFORM RECORDERS 


MODEL 
ANALOG 
BANDWITDTH 
(MHz) 


COMPANY 


PACKARD 


sec JL 


TEKTRONIX 


SEQUENCE 
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The 1. | campiiece 8-bit waveform digitizer in LeCroy’s Century Series 2000 instrument 
mainframe captures 250-MHz single-shot events with a timing resolution of less than 1 nsec. 
You can install additional Model 6880 digitizers in the mainframe. 
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$23,900 COLOR DISPLAY 
PULSE WIDTH, RISE/ 
FALL TIMES, PEAK- 
TO-PEAK, TOP- 
AND BASE-VOLTAGE 
LEVELS, PRESHOOT, 


AND OVERSHOOT 


DIGITIZERS CAN FIT IN 
MENT MAINFRAME 


MEAN AND FFT USES IBM PC/XT WITH COPROCESSOR TO 


CONTROL AS MANY AS EIGHT DIGITIZERS 


40 $30,000 


ISPLAY EIGHT INDEPENDENT TRACES 
AANEOUSLY; TOUCH-SCREEN 
L WITH POP-UP MENUS 


PABILITIES AS 11401, BUT WITH 
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range of +2.5V. Theoretically, you 
could resolve inputs to less than 100 
wV with the 16-bit converter, but 
the module has an 88-dB noise spec 
for a full-scale input, which trans- 
lates to approximately 14.6 effective 
bits. You must call up the averaging 
routines on the Data 6000 main- 
frame to increase the effective reso- 
lution. 

Tektronix’s 11400 Series digit- 
izing scopes also use averaging to 
increase vertical resolution. The 
11400 Series consists of two models: 
the 500-MHz Model 11401, and the 
1-GHz Model 11402. The units have 
identical features except for the 
bandwidth. They both use 20M- 
sample/sec digitizers and random 
repetitive sampling techniques to 
achieve a 10-psec horizontal reso- 
lution. 

Each scope accommodates five 
plug-in units, the striking feature of 
which is the lack of front-panel con- 
trols. There are only one, two, or 
four buttons, plus input connectors, 
on the panels. You access most of 
the remaining controls via pop-up 
menus that appear on the instru- 
ment’s touchscreen display. A scope 
can display eight independent 
traces simultaneously. Each trace 
has 10,240 data points. 

The scopes’ probes take advan- 
tage of the instruments’ automatic- 
setup capabilities. You place the 
probe on a signal’s test point and 
press a button on the probe. The 
scopes then automatically set the 
screen and triggering settings, take 
the measurement, and display the 
waveform. For automated measure- 
ments, you can select six measure- 
ment possibilities from a menu. The 
scope will then display the selected 
values and continuously update 

them. 

You also use a pop-up menu to 
program the number of measure- 
ments to be averaged when you se- 
lect that option. According to the 
company, you can achieve 14-bit ef- 
fective resolution through averag- 
ing. The 11400 Series scopes have 
10-bit A/D converters; to achieve 
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COATING 
COSTS, 
WITH 
PARYLENE! 


Vacuum-deposited 
parylene is widely 

recognized as the most 

effective and technically 

sophisticated conformal coating available for 

circuit boards and electronic components. 
Count all of your coating expenses, and you may 

find that off-site custom parylene coating is also the 

most economical coating. Consider the advantages: 

@ eliminates contamination, pollution and disposal 
problems, and related expense 

m reduces labor, need for space and equipment, 
and the high cost of waste material 

@ provides unmatched coating performance, in 
micron thicknesses 

™@ preserves board repairability and saves scrap 
costs 

™@ greatly improves long-term system reliability 
Nova Tran is the leading custom parylene coater, 

with specialized expertise, and regional coating 

centers for fast response. Our efficient off-site 

Custom Coating services are used by commercial 

and military equipment OEM’s. 

Figure the real cost of your circuit board coating 

operation, and then take a closer look at parylene. 

Contact Nova Tran for economical engineering test 

run details. 


Coating Centers: 
New Hampshire Wisconsin 
Indiana California 


Qualified to Mil |-46058C 


NOVA TRAN 


CORPORATION. 


100 DEPOSITION DRIVE 
CLEAR LAKE, WISCONSIN 54005 
715/263-2333/TELEX 29-0220 


1-800-554-1697 


Subsidiary of Union Carbide Corporation 


Copyright ©1986 Nova Tran Corp. 
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‘TABLE 3—RESOLUTION IMPROVEMENT vs 
__NUMBER OF F AVEROES 


 . NOISE IS © 
NUMBER OF 
- AVERAGES © 
Pea 
6 
a 
256 
1024 
4006~—~C~«~:” 
16,384 
65,536 


higher than 10-bit resolution, your 
input signal must have at least 1 
LSB of noise riding on it. The noise 
causes the actual data point to ap- 
pear in two or more Q levels on 
successive measurements. Then, 
when the measurements are aver- 
aged, the instrument can resolve 
the resulting data points to greater 
than 10 bits. 

For the ideal situation, then, you 
need to average 1024 measurements 
to increase the scopes’ resolution 
from 10 bits (actually, from nine 
bits, because of the need for 1 LSB 
of noise) to 14 bits. In reality, the 
11400 Series scopes’ effective reso- 
lution is below nine effective bits. 

Although you won’t find the 
terms “effective bits” or “S/N ratio” 
on the 11400 Series data sheet, you 
can use the data sheet’s typical 
noise specs for the plug-ins to make 
a best-case calculation of the scopes’ 
effective bit resolution. For the 600- 
MHz, 2-channel 11A52 plug-in, the 
effective resolution varies from 5.2 
bits on the 1-mV range to 7.9 bits on 
the 10-mV to 1V ranges. For the 
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~ RESOLUTION IMPROVEMENT — 
(NUMBER OF 
EFFECTIVE BITS) 


1-GHz, single channel plug-in, the 
effective resolution is 8.7 bits on all 
ranges. Table 3 gives the number of 
measurements that must be aver- 
aged to achieve a given effective 
resolution. 

Today’s oscilloscopes and wave- 
form recorders now have the techni- 
cal capability to let you make many 
of the measurements youre likely to 
need. Techniques are available to 
increase the vertical resolution of 
these instruments. Now all you 
need is some falling prices. EDN 
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SAME SIZE 
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IC 


OLD DIP SWITCH 


THE LOW PROFILE K40 DIP IS 
THE SAME SIZE AS ANIC 


NO MORE HAND LABOR. 


FREE SAMPLE! 


WITH STAPLED BUSINESS 
CARD TO YOUR LETTERHEAD 
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attenuation. Now, we're first. “upto the cutoff frequency, — 
oe ee toadd the sharperoptionof § _ Filters are offeredina wide 
Now, we announce the 7 7130 dB /octaveforhrequenties variety of types that you can mix well 
industry's first 1. MHz bandwidth - Up to255kH2 = = = =~ ~~ ormatchwithinthe 16 card ~—_tors. And: 10 tens you can soon 


capacity of the new PratsiCn ° ~ add such input conditioning as 

6000 mainframe. Filters come strain, charge and voltage. 

one, two orfourchannels per —_It's a simple matter to select 

card, depending on resolution —_the hardware building blocks. 

and other performance features. It’s simple to configure their 
Friendly is extending your —_ control for convenient operation. 


filters for programmable use. 

80 dB/octave attenuation. Time 
delay superior to Bessel. It's the 
friendly advance you ve asked for. 


choice to match needs and Its also simple to modify and 
budget precisely. add to your system as require- 
ments change. 
The Precision 6000 starts 
system friendly and stays 


system friendly, 


Friendly language brings _ 
rices downold barriers - 
_No longer de you have to be We're sing 3 all the advances | 
‘concerned about the program- announced here to the features - “computer purses on exam- 
ming idiosyncrasies ofa number Precision has introduced over. ple. That's system friendly — a 
~ of instruments. All Precision the last decade. 80 dB/octave. ee so 
6000 asks is familiarity with 2 Ps, A Se Oe En 
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‘operate in todays mainframe. - You set up from the tall finn, : : 
» Thats system friendly with <Frenion 6000 front panel with Call friendly 607-277-3550. 
futures. === prompting and cuing from its Call for all the details on new Precision 6000. 
SF program. You string your set-ups Let us send you our peoples best 
PF PF taetevtocthe zest robe friend, a dog with a magnetic back to 
- . | ~ fequired. One command up- remind you how system friendly conditioners 
: | loads set-ups to the host can now be. Telex 646846. Or write. 
computer. , | 


Friendly is letting you all but 
forget programming, so you can 
concentrate on measurement 
problems. 


PRECISION FILTERS, INC. 


240 Cherry Street, Ithaca, New York 14850 
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Introducing the world’s first half-gigabyte 8" HSMD 
Winchester. Available now for evaluation. 

As you'd expect from a world-class supplier, the 
Toshiba MK-288FC is designed around evolutionary 
technology. For maximum reliability. 


ee eee ee eee Or new 8’ 
Winchester puts 
510MB into one- 
fourth the space of 
a 14" drive or half 
the space of a9" 
drive, setting anew 
standard in space 
efficiency and cost 
per megabyte. 


TOSHIBA 


510 MB 


ae 


[SST 


The higher capacity is made possible by the use of 
8 disks and 15 heads. Yet the drive still fits in the 
industry-standard form factor. So you can put 2 gigabytes 
in a standard rack-mount drawer. Or 1 gigabyte in 
a half-height drawer. 

Because we understand that you don't want to 
redesign your controller again, we didn't change the 
data transfer rate from 2.4MB/s. And if you don't 
need 51OMB just yet, there's our plug-compatible 
3/4MB model with 6 disks and 11 heads. 

Both models in the new MK-280FC Series feature 
18ms average access time, the high-speed SMD inter- 
face, and a center-stack servo for the last word in 
data reliability. 

For entry-level systems, our MK-180 Series offers 
capacities of 83, 116 or 166MB with SMD interface and 
the same fast 18ms access time. Whatever your 8" 
Winchester requirements, we have world-class solutions. 

All of which come with world-class support. 
Evaluation units when and where you need them. 
Technical assistance at your location. And a broad line of 
highly reliable products. From our 3/4" and 514"' 
floppies to 544" and 8" Winchesters and a range of 
optical storage products. 

For complete information, call 408-727-3939. Or 
write Toshiba America, Inc., Disk Products Division, 
3910 Freedom Circle, Suite 103, Santa Clara, CA 95054. 

We'll show you how a truly world-class drive can 
put a lot more data into a lot less space. 


WVORLD-CLASS QUALITY. 
VWVORLD-CLASS SUPPORT. 


TOSHIBA 


DISK PRODUCTS DIVISION 
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A fraction of the size. 
A fraction of the cost. 
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WHAT IT USED TO BE. 


©1986 Toshiba America, Inc. 
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Mil size. Here are the 
icrd smallest, most pow- 
erful step motor drive modules 
available today. Optically isolated 
and designed for top efficiency, 
these chopper drives are rated 2A 
and 3.5A per phase, 30VDC, 20kHz. 


Ni ms processor based, 
icfro data-driven pro- 
grammable preset indexers and 
motion controllers use industry 
standard machine tool language 
RS274 X, G and F codes for maxi- 
mum application flexibility. Pro- 
gram storage up fo 400 lines, 2 
programmable inputs, 2 program- 
mable outputs and overtravel limit 
switches. Provide RS232C interface, 
parallel switch interface and PLC 
operating mode. Up to 99 units can 
be daisy chained. 


erate : 
drives of the 3180 Sefies are avail- 
able with either 4/425 of 4/10 micro- 


step as well as full and half step. An 
innovative current control method 
assures smooth operation over a 
broad range, outperforming other 
drives on the market. And at lower 
cost. 


For detailed product specifications 
and fo arrange for an engineering 
test sample, write to The Superior 
Electric Company, 383 Middle 
Street, Bristol, CT 06040. For immedi- 
ate action, call 203/582-9561. 
CIRCLE NO 48 


Superior Electric 


© The right amount of automation. 
: © 1986 Superior Electric Co. 
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An exciting, highly 
advanced concept in 
power supply design! 


DCR-T Series High-Power, 
3-Phase Input, 
Laboratory/Iindustrial 


Power Supplies 
with Built-in OVP 


‘STATUS 


NP THERM PHASE 


OvP QUST 


Ok CURRENT 


Serensen OCR 16-625T 


Seep ROR MERLE IE: 


DCR-T represents a significant departure from, 
and vast improvement over, conventional 
power supply design. As a result, the DCR-T is 


without equal. 


We designed the DCR-T to suit more 
applications by providing more 
convenient voltage ranges and 
substantially more current than other 
supplies. That's why the DCR-T 
gives you the additional current 
you need, without 
forcing you to pay 

for a larger, more 
expensive, higher- 
amperage unit. 

For example, if you 
need 600 amps at 
14.5 Vdc, a conventional 
10-KW, 20-volt unit just 
won't do-it provides 
only 500 amps. In the : 
past, you had to buy a 
much more expensive, 
20-kW supply. 

But, our new 16-volt, 
10-kKW DCR-T Supply 
delivers a whopping 
625 amps-—a full 25% 
more current than typical 
20-volt, 10-kW units! 

That's why you can count on 
Sorensen for more current at lower 
cost, in the industry-standard, 
compact package! 


Every DCR-T is fully remote- 
controllable via resistance, voltage 
or IEEE-488 programming to meet 
the demands of today’s sophisticated 
burn-in and process applications. 
While other supplies can remotely 
control only voltage and current, 
the DCR-T also lets you program 
OVP and shutdown. Even all 
indicators and meters on the DCR-T 
can be used for remote readout. 


It is not like any other in appearance 
or electrical and mechanical design. 
For example, the sensing and 

programming controls on the DCR-T 


300 50 
Mw Wiiliny, 
\S 


The DCR-T is available 
with standard analog, 
or optional digital meters 
at no extra cost. Units 
without meters are 
available at reduced cost. 


have been completely separated 
from each other to make them 
completely non-interactive. As a 
result, the programming controls 
can be placed any distance from 
the load, allowing operation of the 
DCR-T from most anywhere. 


Separating the sensing 
and programming 
functions gives the 
DCR-T another major 
advantage over all 
conventional power 
supplies. The DCR-T’s 
programming resistors 
are never subjected to 
the output voltage, 
completely eliminating 
the possibility of 
voltage breakdown 
across its 
programming 
components. 


Wf, 7, 200 


STANDBY/ON INDICATORS-— 
Show whether the DCR-T 

is in standby or 

operational mode 


STANDBY SWITCH-— STOP/START 
Energizes all controls PUSHBUT TONS 
in “ON” position without Switch main pow 
turning on main power on or off 


On other power supplies, even those 
with OVP, when remote programming 
lines open, the output surges to 
maximum unregulated voltage 
and/or current, often burning out 
the product under test. But, the 
DCR-T’s special safety circuit 
reacts instantly to such open 
conditions, preventing the dc 
output from going out of control. 


‘T provides greater power, 
n conventional supplies. 


OVP-Shows overvoltage protection has tripped INDICATORS-—Show whether METERS-—Provide output 
THERM- Indicates over-temperature unit is in constant VOLTAGE readings of VOLTAGE, 
PHASE-Warns of ac power-line loss or CURRENT mode CURRENT and OVP LEVEL 
REMOTE-Shows remote-mode operation 


STATUS 3 | he 
OVP THERM PHASE REMOTE N 


00 
— @ —vU ; ) 0 Qwwuululuihg, 
; ~ af , 


RESET 


RESET-—Return to normal after fault DC OUTPUT CONTROLS-— 
OVP ADJUST—PUSHBUTTON lets you Set VOLTAGE and 
read OVP level on DC VOLT METER CURRENT output 


SCREW POT sets OVP level 


The DCR-T has unique, There’s a DCR-T perfect for DCR-T prices and options. 
2-level overvolitage most any application. ® Models with analog meters. .$3,900 
protection. Offering unheard of flexibility, the @ Models with digital meters, 
Built-in OVP with ac shutdown DCR-T will be available in nine add suffix M50 to Model 
is included at no extra cost. 10-kW models in 1986, in 0-8 Vdc to UND ON cation sien eosme aoactenssatses $3,900 
Providing greater safety than many 0-600 Vdc, and 16 Adc to 900 Adc. @ Models without meters or 
optional OVPs, our standard OVP In addition, 5-kW and 2.5-kKW voltage and current controls, 
has an inhibit mode, plus standby, DCR-T Supplies are currently under add suffix M51 to Model 
which removes the main power from development. All DCR-T models are NUMber?........ 0. cece eee eee ee eee $3,800 
the transformer. An optional OVP thyristor-controlled and dc-regulated. © To order optional SCR 
SCR crowbar can be added. 480-Vac, 60-Hz, three-phase input Crowbar, add suffix M5 to 
is standard; 380-Vac, 50-Hz is Model Number................... $ 200 
optional. 


* Manufacturer's Suggested List Price 


(Vdc) (Adc @ 50°C) Voltage (mV) Voltage (mV) Response (ms) 
DoF 11090 


DCR 16-625T 


DCR 160-62T | 0-160 80-160 


DCR 300-33T 0-300 150-300 
-pcreoo-16T | 0-600 | ce : 


All models are case size III, 19" Wx24"Dx12%" H. Weight 310 Ibs. 
1. Regulation range as stated 0.1% of voltage, or stated range, whichever is greater. 


300-600 


A Raytheon Company 


DCR-T Accessories: 


A full range of accessories is 
available, including: 

e Chassis Slide Kit 

e Floor-Table Package 

A cosmetic kit that eliminates the 
side brackets used to attach the 
DCR-T to a rack. 

e Rack Package 

Special custom racks for one or 
more DCR-T units. Consult the 
factory for details. 


FREE Catalog of over 

400 power instruments. 

In addition to the DCR-T Series, 
Sorensen produces a full line of 
off-the-shelf and semi- custom 
power supplies as well as 

custom power supply assemblies, 


REAR VIEW 


__16.50 
(419.10) 


OUTPUT 1.25 X.25 
BUS BAR 


WITH 
.38 DIA. HOLE 


Weight: 310 Ibs. (141 kg.) 


All dimensions are in inches 
mm 


for laboratory /industrial and OEM 
users. Sorensen’s latest Full-Line 
Catalog provides over 100 pages 
of valuable engineering information 
and specifications on all models. 

It includes the Sorensen linear, 
phase-controlled, and switching 


Comte! Instruments 
(OH) 


(MI) 

(PA, W.VA) 
Dytec/Central 

(IL, IA, KY) 


(IN) 
(WI) 
C/| 
( 
(MO 


Crane & Egert 
(CT, Fairfield County) 
(S.NY, Long Island 
N.NJ 


(N.NJ) 

SCI-REP_ INC. 
(DC, W.VA, VA, MD) | 703-385-0600 
(S.NJ, E.PA, DE) 609-662-5222 


Currie, Peak & Frazier 


516-872-0800 


(FL) 


919-373-0380 


809-762-6707 


Dytec/North 
ND, SD, MN, WI) 612-645-5816 
Dytec/South 
) 314-569-2990 
(KS, NB, IA) 913-888-0215 


JAREA | REPRESENTATIVE | TELEPHONE | 


Trembly Associates 
NM, TX) 


Northwest Test & 

Measurements 
(OR, ID) 503-246-0962 
(WA) 206-881-8857 


Jay Stone & Associates 
(N.CA, NV) 415-948-4563 
Ward/Davis 
(S.CA, Costa Mesa) 
(San Diego) 
(Redondo Beach) 
Allan Crawford 
Associates, Ltd. 
(Canada) 


216-442-8080 
313-358-2505 
412-922-5720 


312-394-3380 
317-247-1316 
414-792-0320 


714-556-0955 
619-292- 
213-643-6977 


214-931-7100 
918-663-4501 
318-269-9452 

416-890-2010 


501-862-5869 


Sorensen Company, 676 Island Pond Road, Manchester, NH 03103 USA 
TEL:603-668-4500 TWX:710-220-1339 TLX:943459 FAX:603-624-3056 


Specifications & prices subject to change without notice. Printed in USA © 1986 Sorensen Company. 


AIR EXHAUST 


PROGRAM 
AND SENSE 


TB1 
@/|@||/O)}| @ 
O||/@\/E]/@ 


GND GA OB SC 


REMOTE 


SUPPLIED 


7 OPERATE REMOTE IND 
8 REMOTE/LOCAL 


“DETAIL A” 
INPUT 
480 VAC 
10 AWG WIRE 
SEE DETAIL “A” 

= 4NC 
— J ~ 2 LOGIC GND 
AC INPUT ~ 3 RESET 
_ ~ 4 OVP IND 
: — 5 THERMAL IND 
} ~ 8 PHASE IND 


~10 NC 
12. am’) —12 REMOTE OVP SET 
PROD | -13 REMOTE CURRENT SET 
~14 REMOTE VOLTAGE SET 
-15 SHUTDOWN 
~16 REMOTE VOLTAGE MTR 
-17 REMOTE AMP MTR 


D 
SENSE 


-—18 MODE PLS 

—19 MODE DRIVE 
J -1 —20 MODE IND 
REMOTE —2 STOP —21 SENSE (+) 
AC CONTROL | -3 START —22 SENSE (—) 


power supplies as well as the 

XT Series of fast, programmable 
60-waitt linears, and IEEE-488 
listener/talker programmers. 
Contact Sorensen for your FREE 
copy today! 


Sorensen—the first name 
in power supplies. 


No other manufacturer can 
match Sorensen’'s experience in 
power supplies! Founded in 1943, 
Sorensen was the first commercial 
firm to manufacture and market 
precision electronic voltage 
regulators and power supplies. 
Over the last 43 years, our 
reputation for dependability, 

value and performance has been 
second to none—because our 
commitment to excellence has 
never wavered. 


Sorensen— built and 
backed better. 


Sorensen Power Instruments 
are built tough, and designed to 
_last. That's why we back them 
with our strong limited parts 
and labor warranty for up to 
5 years! See our catalog for 
warranty details on all models. 


Contact your nearest Sorensen 
Representative for additional 
information, a fast price quote, 
free Full-Line Catalog, or to place 
an order. To contact Sorensen 
directly, call (603) 668-4500. 


A Raytheon Company 


DCR-T/850M/7-86/RS 


No questions asked. 

If you find just one of our optoisolators 
out of spec, out of order or out of tune with 
your expectations and requirements for 
quality and reliability, return the lot and 
well replace it at no charge. 

That's how much confidence weve got 
in our entire line-up of high-quality, high- 
reliability optoisolators. 

The same confidence you can feel when 
you design them in. 


Motorola optoisolator AOQ. 
Guaranteed 50 PPM. 


500 


A0Q in PPM 
S > 
oS Oo 


nO 
—} 
i—] 


— 
—} 
i—] 


*4,000-hour intermittent life, high-temperature 
storage, LED burn-in, temperature cycle/shock 
with 0 failures. 
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Lots of optoisolator quality or we take the Ic 


Look at the best in class. 

It'll be us. 

We tested* our 6-pin DIP optoisolators 
against a wide variety of other types 
and found no device exceeded the quality, 
performance and package integrity 
of ours. 

In fact, our optoisolator package has 
continually been improved and upgraded 
to where our newest version—the white, 
domed-packaged unit with 20% fewer 
piece parts/assembly steps—received 
immediate, unqualified acceptance by 
VDE and UL—most demanding reg- 
ulatory agencies in the world for human 
safety and equipment protection. 


Top integrity in a wide selection. 
First, and still the only, to offer 7,500 V 
peak isolation protection between input 


and output, across the board, Motorola 
offers both black- and white-packaged 
optoisolators with the security for big AC 
applications—easily interfacing sensitive, 
expensive control logic to line voltage. 
And our entire, volume-produced line 
of 150 4N-, MOC- and industry-standard 
devices meets this rugged requirement: 
transistor, Darlington, SCR, Triac driver 


or logic output type. 
We’ 
re 


For a free 4N35 
B rok Our 
eCSION-1N. 
te 


optoisoloator kit 


including our 
MOTOROLA INC. 


Optoelectronics 
Selector Guide, 
European Semiconductor Group 


send the coupon to 
Motorola today. 


 luaiiantantentententrctectert wtenctr rt actestetoarteelentetedertesdeelertes 


Write To: Motorola Ltd., European Literature Centre, 88 Tanners Drive 


Name 
Title 
Company 
Address 


City 


Country 


Blakelands, Milton Keynes MK14-5BP, United Kingdom 
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6809/9E, Source -level 
68000/8/10 debuggers 
and 68020 Emulators 


Z80, MK3880/4 
and Z8001/2/3 


NSC-800 


A stand-alone or host-control system of fully integrated debug tools 
built on high performance emulation. 


| only speaks assembler, your tools Call toll-free and ask for 
are worthless. Or if your apnngion the proof. 
is in assembler and Ey | Discover ri the CIDS method 
your debugger only : % = 
speaks C, its the 


same dead end. _ technical and tt iti dont eti 
_call 1-800-426 3925. In Wash- 


n high level languagesand. 
\bler. You don't sacrifice an 


eal-time emulation for t 


virtual protect mode makes trans- 
emulation possible using 
physical addresses. CIRCLE NO 49 


Now that Digital stands behind Valid, 
eT ee what do you stand 


a growth path across Digital’s 


computers. " 

Of course, this alliance didn’t to g Mn? 
happen overnight. It began more than 
four years ago, when Valid first 
offered its design analysis tools under 
VMS." In fact, Digital used Valid CAE 
tools to develop the VAX 8000™ series 
of computers. 

Today, more VMS-based users 
depend on our full-function, fully- 
integrated CAE software than on 
any other. 

_ What’ more, our CAE applications 
run on the full range of Digital 
- computers. From mainframes to 
workstations. Including the 
_ VAXstation II" VAXstation IT GPX™ 
and VAXstation [I/RC™So when you 
run Valid-plus-Digital solutions for 
_ schematic capture, timing verification 
and simulation—including hardware 
- modeling and acceleration—you get 
the best design results on the best 
engineering computers. 
Of the major CAE vendors, only 
— Valid offers this much experience with 
Digital. And only Valid gives you so 
much support for CAE software on 
Digital computers. _ 
__ With Digital behind Valid, you gain 
some valuable benefits, like increased 
productivity. And a few priceless 
ones, like confidence, security and 
investment protection. Our free 
brochure will tell you more. 


\ALID 


Industry standard solutions 


For a free brochure, call 
us at 1-800-821-9441. In 
California, call 408/945-9400, 


lio] i| tal i a Ext. 311. 
Program 


VMS, VAX 8000, VAXstation, VAXstation II/GPX, VAXstation II/RC are trademarks of Digital Equipment Corporation. 
CIRCLE NO 50 EDN January 8, 1987 


TECHNOLOGY UPDATE 


Modern stepper-motor systems provide 
precise position control and resolution 


Tom Ormond, Senior Editor 


Over the years, stepper-motor- 
based position-control systems for 
the most part have been relegated 
to lower-performance applications. 
For high-performance position con- 
trol, designers turned to servo sys- 
tems. Now this situation is chang- 
ing. In addition to an inherent 
ability to accurately control posi- 
tion, today’s stepper motors are tak- 
ing advantage of new micro- 
stepping-drive techniques and 
the resulting higher resolution to 
find increased use in computer-pe- 
ripheral and industrial-robotic ap- 
plications. 

As the name implies, stepper mo- 
tors respond to a pulse-type input 
by moving in predetermined incre- 
mental steps. In general, stepper 
motors offer designers a number of 
advantages. They are inherently 
digital, essentially maintenance 
free, and offer high torque per pack- 
age size. Step error is noncumu- 
lative, and repeated stalling doesn’t 
damage the motor. Finally, stepper 
motors are compatible with open- 
loop operation so position-control 
system designs are fairly straight- 
forward. 

On the other side of the coin, 
standard stepper motors suffer from 
some intrinsic shortcomings. Reso- 
nance is a major problem, as is ring- 
ing. Operation at low speeds is 
rough. Further, a standard 1.8° 
full-stepper motor’s resolution is 
only 200 steps/revolution. Half-step- 
per motors increase resolution to 
400 steps/revolution—still not a 
very impressive figure. 

Perhaps due to these inevitable 
tradeoffs, stepper motors have until 
now taken a secondary position 
when compared with servo systems. 
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Substituting a thin samarium cobalt disk in place of the traditional iron rotor, USS75 
Series stepper motors from PMI Motion Technologies feature theoretical acceleration figures 
reaching 131,000 rad/sec. 


Fortunately, new microstepping- 
drive techniques solve some of the 
stepper motors’ problems and offer 
them a chance to become more com- 
petitive. 

Microstepping techniques use 
electronic proportioning to divide a 
stepper motor’s fundamental step 
angle into smaller sub steps: steps/ 
step. By definition, microstepping 
involves more than 2 steps/step. 
Today, you'll find microstepping 
drives that can quantize the full- 
step pulses into as many as 125 
steps/step. These types of drives 
use both phases of the motor contin- 
uously, applying currents in sine- 
cosine ratios. 

The most obvious benefit that 
microstepping provides is improved 
positioning resolution. For instance, 
a 200-step/revolution motor with a 
32-step/step microstepping drive 
can achieve 6400 steps/revolution. Ac- 
tual resolution performance, howev- 


er, will depend on the characteris- 
tics of the motor. 

Microstepping confers other ad- 
vantages in addition to resolution. 
It also reduces torque ripple, which 
is important in many constant-speed 
applications where the stepper 
motor operates as a brushless syn- 
chronous motor. 


Eliminate resonance 


Third, microstepping solves the 
problem of resonance. A stepper 
motor has a low natural frequency in 
the 150- to 250-Hz range, and when 
operating within this range, full- 
step input pulses can often cause the 
stepper motor to lose position, stop, 
or even reverse direction. Dividing 
the full step pulses into smaller 
microstepped increments totally 
eliminates the resonance problem in 
most cases. 

Both rotary and linear stepper 
motors are capable of making use of 
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microstepping-drive techniques. 
PMI Motion Technologies’ Syncro- 
step family of rotary motors elimi- 
nates the massive iron rotor found in 
conventional rotary-position-control 
designs and substitutes a thin disk 
of samarium cobalt that is perma- 
nently magnetized in an alternating 
pattern of north and south poles. 
This disk rotor fits between two 
independent sets of C-shaped stator 
laminations. Each set, with its elec- 
trical coil, makes up one phase of 
the motor. The two sets of lamina- 
tions are offset from each other by 
one-half a rotor pole. When the 


input drive energizes phase A and 


the rotor aligns itself with the poles 
of the phase A laminations, the 
rotor is then in an intermediate po- 
sition with respect to phase B. The 
input drive turns off phase A and 
turns on phase B, and the rotor 
advances to align with phase B. 

By thus alternately energizing 
the two phases (and reversing their 
polarity), the drive input produces 
step motion. Actually, this mode of 
operation doesn’t develop much 
torque. To achieve greater torque 
the drive input energizes both 
phases simultaneously, and the 
motor usually operates this way in 
most applications. 

Because of their thin disk rotors, 
Syncrostep motors are much small- 
er and lighter than conventional 
stepper motors and servo systems 
with the same output ratings. The 
use of such disks also results in low 
inertia, which, combined with the 
high energy density of the rare- 
earth rotors, produces a high torque- 
to-inertia ratio. 


Lower losses are possible 


In addition, the absence of iron in 
the rotor’s armature minimizes 
eddy-current losses. These lower 
losses can significantly reduce input 
power requirements. In convention- 
al iron-rotor stepper motors, satura- 
tion occurs quickly as the current 
rises above rated levels. When you 
triple current, theoretically you ex- 
pect to triple torque. Unfortunate- 
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Using a magnetic structure optimized to reduce losses, MH Series motors from Superior 
Electric provide stepping rates to 20,000 pulses/sec when operating with half-step drives. 


ly, the torque increase varies from 
25 to 75%. 

Syncrostep motors offer far bet- 
ter response to current increases, 
having low-saturation characteris- 
tics similar to those of de servo 
systems. The ability to boost cur- 
rent temporarily to produce higher- 
than-normal torque is important in 
applications where you might need 
to enhance acceleration (or decelera- 
tion) or handle temporary over- 
loads. 

The USS75 Series is representa- 
tive of the Syncrostep family. 
USS75M units are optimized for 
microstepping and cost $245. Spe- 
cial design techniques produce vir- 
tually sinusoidal step-to-step 
torque-displacement characteris- 
tics, eliminating the need to com- 
pensate for harmonic distortion 
problems. Step angle, step accura- 
cy, and typical holding torque are 
1.8°, 5%, and 100 oz-in., respective- 
ly. Respective detent and friction 
torques measure 3 and 2 oz-in. The 
series specs a theoretical accelera- 
tion of 94,000 rad/sec’ and a rotor 
inertia of 1.75 oz-in.-sec” x 107°. Con- 
tinuous output power is 80W max, 
and peak power rate is 110 kW/sec. 

USS75S 1.8° step-angle motors 


cost $240 and also guarantee a step 
accuracy of 5%. With two phases 
fully energized, they claim a holding 
torque of 140 oz-in. typ (230 oz-in. 
pk). Detent torque and friction 
torque are 12 and 8 oz-in., respec- 
tively. These units furnish maxi- 
mum continuous output power 
(using 8X16X0.375-in. aluminum 
heat sinks) of 125W. Peak theoreti- 
cal acceleration equals 131,000 rads/ 
sec, and rotor inertia equals 1.75 
oz-in.-sec?X10-°. The USS75S Se- 
ries’ peak power rate is 213 kW/sec. 

Superior Electric also manufac- 
tures rotary-type units, but they 
differ from PMI’s in several ways. 
Specifically designed for operation 
with bipolar chopper drives, MH 
Series Slo-Syn stepper motors pro- 
vide the power needed for machine- 
tool and other applications requir- 
ing high torque. Prices range from 
$650 to $900. The motors are capa- 
ble of withstanding as much as 2.5 
times rated current without any re- 
sulting demagnetizing. And they 
are designed to meet all applicable 
requirements of UL, CSA, and 
VDE. 

A number of design features en- 
hance performance. To reduce 
losses, for example, the motors’ 
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Available in NEMA-23 and -34 frame sizes, R Series motor from Parker-Hannifin feature 


standard resolutions of 25,000 steps/revolution and linear forces of 25 to 400 lbs. 


magnetic structure employs low- 
loss steel and high-energy magnets 
in the rotors. According to the man- 
ufacturer, motor torque values are 
typically 10 to 100% higher than 
competitive units. And, the motors 
are capable of attaining stepping 
rates as fast as 20,000 pulses/sec 
(half-step mode). 

All MH Series motors have high 
temperature insulation throughout 
(class F or better) for operation at 
higher duty cycles. Each motor has 
eight terminals, which can accom- 
modate either series or parallel op- 
eration, and terminal-board con- 
struction simplifies input wiring. 

Current ratings span 7.1 to 14.1A 
per phase for MH112-FJ8020 ver- 
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sions and 10.6 to 21.2A for MH112- 
FJ8030 units. Holding torque is 
1980 oz-in. at rated current and 2620 
oz-in. at two times rated current. 
The MH112-FJ8020 units spec a 
pull-out torque of 1630 and 1130 
oz-in. at 2000 and 4000 pulses/sec, 
respectively. Residual torque is 100 
oz-in. The -FJ8030 versions’ pull-out 
torque is 1680 and 1620 oz-in. at 
2000 and 4000 pulses/sec, respec- 
tively; their residual torque is 100 
oz-in. For all these models, step 
angle equals 1.8°, and step-angle 
error and step-position error (at 
rated current) are both +2%. 

The MH172-prefix motors have 
per phase current ratings spanning 
10.6 to 21.2A (-FD8030 versions) 


and 14.4 to 28.8A (-FD8040 models). 
Holding torque equals 5600 oz-in. at 
rated current and 7700 oz-in. at two 
times rated current. The -FD8030 
versions claim a pull-out torque (at 
2000 and 4000 pulses/sec) of 4400 
and 3200 oz-in. Residual torque 
measures 300 oz-in. For the 
-F.D8040 models, pull-out torque is 
4390 and 3210 oz-in. (2000 and 4000 
pulses/sec), and residual torque is 
300 oz-in. At rated current, step- 
angle errors and step-position er- 
rors are both +2%. 


Moving straight ahead 


Of course, not all applications in- 
volve rotary position control. Linear 
stepper motors are well suited to 
motion-control applications involv- 
ing high-speed, low-mass moves. 
They preclude the need for cumber- 
some mechanical devices to trans- 
late rotary motion to linear because 
the motor provides the linear mo- 
tion directly with one moving part, 
called the forcer. A linear motor 
isn’t subject to the linear velocity 
and acceleration limitations inher- 
ent in most rotary-to-linear sys- 
tems. 


Force is a tradeoff 


Although a rotary-to-linear con- 
version system (such as a lead 
screw) can generally deliver greater 
force, its maximum linear velocity is 
approximately one-tenth that of a 
comparable linear motor. For many 
loads, the inertia of the lead screw 
will exceed the load inertia. When 
you initiate a high-speed, low-mass 
move with a lead screw, virtually all 
the applied torque goes to overcome 
the lead-screw inertia. 

This problem compounds as the 
length and inertia of the lead screw 
increase to accommodate longer 
moves. With a linear motor, the load 
receives all of the motor’s generated 
force and so no matter how long the 
move is, the system inertia is con- 
fined to the forcer and its load. 

If you need precise linear position 
control, you might want to consider 
Parker-Hannifin’s linear stepper 
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SPR Af ) p | K Do it magnetically. Or do it optically. Either way, Sprague makes sense. With built-in 
functions such as hysteresis and temperature compensation, integrated circuits are better 
and more cost effective than discrete components. Doing it 
ANSWERS THE magnetically, Sprague Hall Effect sensors simplify switching by 
detecting motion, position or change in the field strength 
WHICH SWITCH of an electromagnet or permanent magnet. They use little 
is energy and switch without bounce. Applications include 
ignition systems, speed controls, computers, and brushless 
Ol | ESTION. de motors. Doing it optically, Sprague optoelectronic sensors combine IC 


technology with clear plastic packages or top-looker hermetically-sealed metal 
cans. Applications include low-light detection for optical encoders and couplers as well as twilight detection for street and 
emergency lighting. Start with us. Sprague Electric Company, a Penn Central unit, Lexington, MA. For our Sensor data 
package, write to Technical Literature Service, Sprague Electric Company, P.O. Box 9102, 
Mansfield, MA 02048-9102. For applications assistance call Customer Service Center in 


Concord, NH at (603) 224-1961. 
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ELECTROMAGNET FLUX PATH PERMANENT MAGNET 


AIR GAP 


ELECTROMAGNET 


FORCER 


PLATEN 


Fig 1—In each linear stepper motor from Parker-Hannifin, the flux path of a permanent magnet passes through one of two electromagnets, 
across the air gap between the forcer and platen, along the platen, back across the air gap, and through the other electromagnet to complete the 


magnetic circuit. 


motors. Their operating principle is 
similar to that of rotary stepper 
motors. The forcer, or moving ele- 
ment, consists of two electromag- 
nets that are driven by the two 
phases of a PWM microstepping 
drive, as well as a permanent mag- 
net that has an electromagnet 
aligned at each pole (Fig 1). All of 
the active components—permanent 
magnet, coils, and bearings—are 
combined into the forcer so that you 
can specify the platen, or stationary 
element, in various lengths to ac- 
commodate your application. 

The permanent magnet’s flux 
path passes through one of the elec- 
tromagnets, across the air gap be- 
tween the forcer and platen, along 
the platen, back across the air gap, 
and through the other electromag- 
net to complete the magnetic cir- 


cuit. If neither electromagnet is en- 
ergized, the permanent magnet flux 
divides equally at the four poles of 
the electromagnets. When one of 
the electromagnets switches on, the 
current in the winding directs all 
the flux from both magnets through 
the one pole common to both. 

If the energized electromagnet is 
at the north pole of the permanent 
magnet, then the flux will pass 
through its north pole into the plat- 
en. No flux will pass through the 
electromagnet’s south pole. The 
force through the one pole gene- 
rates a force parallel to the platen, 
which pulls the forcer along the 
platen until the teeth of that pole 
line up with the platen teeth. 

Switching current from one mag- 
net to the other moves the forcer 
one full step along the platen. By 
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changing the direction of the cur- 
rent each time you energize an elec- 
tromagnet, you change the orienta- 
tion of the poles. In this manner, the 
poles align with the platen in a 
sequence—As, Bs, A;, Be<—and the 
foreer continues in the initial direc- 
tion. Reversing the sequence 
changes the direction of the forcer. 
A full step for the linear motor is 
equal to one-fourth the platen-tooth 
pitch. 


Mechanical types reduce roll 


Parker-Hannifin’s linear stepper 
motors come with one of two types 
of bearings: mechanical or air. Each 
type has advantages. Mechanical 
bearings reduce system yaw, pitch, 
and roll. And, they are simple: They 
don’t require plumbing and filtering 
to provide the necessary air pres- 
sure that air bearings require. How- 
ever, they do add some friction to 
the linear motor, which reduces set- 
tling time. 

By comparison, air bearings have 
no friction in a practical sense, and 
as such, they do not wear out. And 
they reduce the width of the air gap, 
resulting in more force than a com- 
parably sized mechanical bearing. 
Because the air-bearing-supported 
forcer floats over the platen, flat- 
ness requirements for the overall 
platen are somewhat less critical. 
Also, the moving cushion of air 
helps clean nonabrasive particles 
from the platen and helps reduce 


EDN January 8, 1987 


EDN January 8, 1987 


GESPAC Gives You 
More Power Per Square Inch. 


CIRCLE NO 84 


Tw wo oo a rth at aaow aw’ 


fe. 
— th 
= 
as 


Spoo 


IN USA - CANADA 
50A West Hoover Ave. 
Mesa, Arizona 85202 
Tel. (602) 962-5559 
Telex 386575 


Here is the size, performance, and 
cost breakthrough you have been 
waiting for: The 68020 based 
GESMPU-20 from GESPAC. 


You can now unleash an 
unprecedented amount of power 
into your applications. On just 25 
square inches, we have squeezed 
a 12.5 MHz (16 MHz optional) 
68020 32-bit microprocessor, a 
68881 floating point coprocessor, 4 
sockets for up to 512 Kilobytes of 
EPROM, and up to 512 Kilobytes of 
zero-wait-states CMOS RAM. 


This board is totally expandable 
through its G-64 bus interface. And 
GESPAC has the largest variety of 
inexpensive memory, interfaces, 
controllers, and transducer cards 
anywhere. Plus real-time disk 
operating systems, high level 
languages, and other software 
tools. GESPAC has the total solution 
to your system integration needs. 


Best of all, because our boards 
are small, they cost less. The new 


GESMPU-20 is priced below $1000 in 


one hundred piece quantity orders. 


So why wait? Contact us today 
for information on the GESMPU-20 
or any of the 150 G-64 bus system 
components from GESPAC—the leader 
in single Eurocard microcomputer 
products worldwide. 


Call (602) 962-5559. 


INTERNATIONAL 
3, chemin des Aulx 
CH-1228 Geneva 
Tel. (022) 713400 
Telex 429989 
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Providing true linear motion when pulsed, Series 92100 and 92200 bidirectional linear 


actuators from Airpax are basically stepper motors modified with an internally threaded 


rotor and fitted with a lead screw shaft. Proper input pulses will move the shaft into or out of 


the rotor in 0.002 or 0.004 increments. 


the operating temperature. 

You have four forcer models to 
choose from: the L3C, the L5A, the 
L8C, and the L9A, which generate 
3, 5, 8, and 9 lbs of force, respective- 
ly. Standard platen lengths are 13 to 
120 in., but shorter lengths are 
available for a cutting charge. Maxi- 
mum speed is 60 in./sec for the L38C, 
40 in./sec for the L5A, 60 in./sec for 
the L8C, and 40 in./sec for the L8A. 
For each of these forcers, respective 
maximum standard platen lengths 
are 120, 96, 78, and 96 in. with 
corresponding resolution specs of 
7500, 12,500, 5000, and 12,500 steps/ 
in. 

The L8C, L5A, and L8C have 
roller-type bearings, whereas the 
L9A features air-type bearings. 
The L8C and the L5A each provide 
a maximum bearing load of 10 lbs; 
the L8C is capable of 11 lbs; and the 
L9A’s load is 50 lbs. The price of a 
forcer includes a drive, the forcer, 
and a platen. The L3C (with a 15-in. 
platen) costs $1750; the L5A (13-in. 
platen) sells for $2995; the L8C 
(19-in. platen) is priced at $2298; 
and the L9A (138-in. platen) is $3478. 

Airpax’s stepper motors provide 
true linear motion under control of 
the input pulses. Originally devel- 
oped for the automotive industry as 
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control elements in car fuel-manage- 
ment systems, these digital linear 
actuators are now available in com- 
mercial versions that find applica- 
tion in computer peripherals (read/ 
write head positioners), and medical 
instrumentation. 

Series 92100 and 92200 bidirec- 
tional linear actuators are rotary 
stepper motors that the company 
has modified by incorporating an 
internally threaded rotor and fitting 
it with a lead screw shaft. When you 
energize the coils in the proper se- 
quence, the threaded shaft will 
move out from or back into the rotor 
in varying linear increments, de- 
pending on the particular unit. 

For the 92100 Series, this motion 
measures either 0.002 or 0.004 in./ 
pulse; for the 92200 Series, it equals 
0.001, 0.002, or 0.003 in./pulse. The 
actuator shaft remains in position 
when you remove power. 

The actuator shaft of K92100 
models has a maximum travel of 0.5 
in., whereas maximum travel for the 
L92100 versions is 1.875 in. Because 
the drive digitally controls the 
shaft, 92100 actuators can reach 
their full travel point within 0.3 sec 
for the 0.004-in./step units and 0.6 
sec for the 0.002-in./step units. The 
L92100 Series specs a maximum full 


travel time of 1.1 sec for its 0.004- 
in./step units, and 2.2 sec for its 
0.002-in./step versions. 

Series 92100 units cost $40 to $42 
and are available with operating 
voltages of 5 or 12V. Depending on 
voltage, maximum force is 15 or 21 
oz, and minimum holding force is 7 
or 40 oz. Maximum pull-in and pull- 
out rates are 425 and 650 steps/sec, 
respectively. The units consume 
3.5W, weigh 1.5 oz, and operate 
over —40 to +85°C. 

The Series 92200 ranges in price 
from $65 to $85 and offers maximum 
linear force ratings spanning 32 to 
75 oz. For K-prefix units, the actua- 
tor shaft has a maximum travel of 
0.875 in.; for L-prefix units, it’s 2.5 
in. Digital control allows full exten- 
sion or retraction of K unit shafts 
within 0.58 sec (0.0038-in./step unit), 
0.875 sec (0.002-in./step unit), and 
1.75 sec (0.001-in./step unit). L Se- 
ries actuators will fully extend or 
retract within 1.7 sec (0.003-in./step 
unit), 2.5 sec (0.002-in./step unit), or 
5 sec (0.001-in./step unit). 

The series’ minimum holding 
force specifications range from 8 to 
40 oz. Respective maximum pull-in 
and pull-out rates are 500 and 700 
steps/sec. The motors consume 5W 
and operate from —40 to +85°C. 
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Discover 
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Fluorinert Liquids products that power Fluoronics Resource 


*Fluoronics Resources: 


An exclusive 3M 
combination of innovative 
products backed by 
research and develop- 
ment, manufacturing 
expertise, technical data 
and service assistance 


— built on more than 35 


__-years experience of pio- 
neering in fluorochemistry. 


3M has had a whole generation of 
experience in the development, manu- 


facture and refinement of perfluor- 
inated liquids. We first introduced 


_ these versatile liquids to electronics 
design, testing and production profes- 
_ sionals in the fifties. Since then, 


__ Fluorinert Liquids have become the 
___ mainstays in electronic cooling, high 
__ feliability testing and vapor 
phase soldering. 

___ Fluorinert Liquids, used as a direct 
contact heat transfer medium, offer a 


range of physical properties that make 
_ them particularly suitable for electronic 


ee __ uses. They are non-polar and exhibit 
_ nosolvent action. They are colorless, 


_lowin toxicity, non-flammable and offer 
exceptionally high dielectric strength 
plus thermal and chemical stability. 

Jost important, they have almost no 
hemical reactivity and they evaporate 


vithout leaving a residue on parts. 


umbers — FC-40, FC-70, 

>. — are used to identify 
Liquids that offer certain 
characteristics to meet spe- 
pplication needs. These FC 

2rs are solely 3M designations 
us fluorochemical products. 

_ Fluorinert Liquids are being used 
ost-effectively in cooling, high reliabil- 
tty testing and vapor phase soldering 
operations. When you are interested in 
applying these versatile liquids in your 
Own production, 3M can provide an 
abundance of technical information 
and support. 


Technical assistance: the main 
benefit of Fluoronics Resources 
3M offers prompt assistance to help 


problems. We provide comprehensive 
technical recommendations for specific 
fluids. We consult with you on the 
proper application equipment and 
help you evaluate production methods 
and results. Our service bulletins bring 
you up to date on the most recent 
advances in vapor phase soldering 
and high reliability testing. Ask us 
about 3M's audiovisual materials and 
on-site application training seminars. 


Discover Fluorinert™ Liquids’ 
heat transfer capability 


What are your needs? A precise de- 
gree of temperature control? Fast, uni- 
form heat transfer? High dielectric 
strength? Fluorinert Liquids offer the 
broad range of physical characteris- 
tics required in most applications. 

Fluorinert Liquids are an effective 
direct contact heat transfer medium 
whether used in a liquid or vapor state. 
Their unique properties enable you to 
use them in contact with sensitive 
components and substrates. 

Major differences between the var- 
ious products in the Fluorinert Liquids 
family can be seen in their boiling 
points. These can range from 56°C to 
253°C. Should you need products with 
intermediate boiling temperatures, the 
3M staff will work with you to fashion a 
product especially for your needs. It's 
an example of how 3M'ss Fluoronics Re- 
sources provide you with “customized” 
service to solve special problems. 
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Heat Transfer Mode 


Fluorinert™ Liquids achieve 
accurate high reliability testing 


It'S a small world you work in. Where 
time ticks in gigaseconds and dimen- 
sion is measured in Angstrom units. 
And as circuitry becomes more com- 
plex, a greater demand is placed on 
testing Capability — not only in speed, 
but in higher reliability and accuracy. 
Fluorinert Liquids meet those re- 
quirements by providing a controlled 
temperature environment and a high 
degree of electrical protection. They 
offer maximum compatibility between 
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the heat transfer medium and the de- 
vice under test. Fluorinert Liquids re- 
duce testing costs by reducing testing 
time substantially. They do this by rap- 
idly reaching test temperature and 
providing precise and uniform tem- 
perature control. You'll minimize the 
number of faulty units by detecting de- 
fects before they become rejects. 

These liquids provide cost-effective 
tests such as gross leak, thermal 
shock, liquid burn-in, ceramic crack 
detection, electrical environmental, 
temperature calibration and failure 
analysis/short detection. 

Fluorinert Liquids are specified in 
the MIL-STD's for thermal shock and 
gross leak testing. 


THERMAL SHOCK TEST CONDITIONS 


Military Approved 
Military Standard 883-1011 Fluorinert Liquids 


Test Hot Test | Cold Test Hot Test Cold Test 
Condition | Step1 Step 2 Step 1 Step 2 
100°C —Q°C | Water , FC-40 Water , 
125°C FC-40 FC70 : 


150°C FC- z 7 7 


200°C ie 7 


150°C ~ 195°C | FC- a i 7 
200°C — 195°C 7 a 
FC-5311 


— 68°C 


GROSS LEAK TEST CONDITIONS 


Military Approved Fluorinert Liquids 
Indicator Detector Absorption 
Fluids Fluids Fluids 
FC-40, FC-43 FC-72, FC-84 
FC-40, FC-43 FC-72, FC-84 
FC-40, FC-43 | FC-72, FC-84 


Military 
Standards 


Do not apply 
FC-43, FC-75, 
FC-77 


MIL-STD 
883-1014 
MILSTD 
790-1071 


MIL-STD 
202-112 


Do not apply 


Discover higher yields in 
vapor phase soldering 
Fluorinert Liquids have been the | in- 


dustrys fluid of choice since the vapor - 


phase reflow soldering (VPS) process 
was introduced in 1975. There area 
number of good reasons for this uni- 
versal acceptance. VPS with Fluorinert 
Liquids produces highly reliable sol- 
der joints. The system reduces reject 
rates, increases production, and low- 
ers production costs. With Fluorinert 
Liquids, you can be assured that your 
products will never be exposed to a 
temperature higher than the selected 
liquid’s boiling point. (See above) 

You ll avoid those problems usually 
associated with other systems — 
shadowing, uneven heating, and over- 
heating. The liquids are non-flamma- 
ble. Their low surface tension helps 
them evaporate quickly from the work 
pieces without leaving a residue. 

VPS with Fluorinert Liquids is espe- 
cially suited for boards with high mass 
or complex geometries. The liquid va- 
pors completely surround the assem- 
bly and penetrate remote recesses to 
heat all surfaces evenly. The vapors 
are 15 to 20 times heavier than air so 
they can be contained easily within the 
work area. The system offers an oxy- 
gen-free, non-corrosive environment to 
minimize rejects from oxidation 
contamination. 


Some typical applications using 
Fluorinert Liquids in VPS include sur- 
face mounted leaded or leadless 
components, through-hole leads and 
wire-wrap pins, lead frame attach- 
ment, reflow of electroplated solder or 
tin and miscellaneous metal joining. 


needed to meet stringent demands of __ 
_ the diversified electronics industry. We 


Discover ihe unig ra ot 
_benefits of Fluoriner 
As the package size di 


need for more efficient eat di 
sipation increases in proportion. 3M 
Fluorinert Liquids are very efficient as. 
a direct contact heat transfer medium, 
with the added advantage of having 
the high dielectric characteristics 


offer 11 liquids with boiling points that 
range from 56°C to 253°C. _ 
_ These stable liquids allow you to 
maximize power density and miniatur- _ 
ize your package. Yet they reduce fail- _ 
ure rates and increase reliability. 
Fluorinert Liquids are used in such 
demanding applications as: 
« Radar transmitters * Power supplies 
¢ High voltage transformers * Lasers 
¢ Radar klystrons * Computer modules - 
«Computermemories*Fuelcells 
Typical properties of Fluorinert eG _. 
ulds used in peel 6 are: _ 


Fluorinert 
Liquid FC-77 
(English Units) 

Density, 

Ib.Ats 


Thermal Conductivity 
Btu/(hr) (ft) CFAt) 


Specific Heat 
Btu/(Ib.) (°F) 
Viscosity 
C.D. 
Coefficient of 


Thermal Expansion 
ft8(ft8) (°F) 


{20 cir 


Discover heating/curing — 
with Fluorinert™ Liquids _ 


Because they maintain their va 

temperature with absolute pre 
Fluorinert Liquids can be use 
many heating and/or curing o 
ations. They serve as heat tr 
media in solder mask and po 
thick film application 
mer processing. The 
vapors will not supp 

where oy iS 


Discover Fluoronics Resources 


3M presents a unique _ Three cassettes are available: _____ Write on your company letterhead, 


short course in the use of 1. ‘Applied Fluoronics: High Reliability | describing your general interest. Mail 
Fluorinert™ Liquids for Testing’ to: Fluoronics Resources, Industrial 
the electronics industry. 2. ‘Applied Fluoronics: Vapor Phase Chemical Products Division/3M, Build- 


. : Soldering’ ing 223-6SE-04, 3M Center, St. Paul, 

ai Is Now offering Py series Of Bik ate 3. ‘Applied Fluoronics: Direct Contact | MN 55144-1000. 

ee eer haa gle es Cooling” For technical information or 

b oe ne ° oe ve oe ve These informative VHS format tapes assistance on High Reliability Testing 

ee of app ye Se = IstNand NOW are available to qualified personnel in —_ and Cooling, call 612/733-6282: for 
= billet € products canim- —_—__ the electronics industry. Specify which Vapor Condensation Heating 

prove overall electronic production. cassette(s) you would like toview. —_—_ assistance, call 612/733-7424. 
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“Applied Fluoronics: Direct Contact Cooling 
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Complex, state-driven tr 


2 
Symbolic, real-time software debugging. 


Simultaneous integration of multiple microprocessors. 


4 
100 - channels of acquisition at 2 GHz. 
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ion at up to 50 MHz. 
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Functional board testing at an affordable price 
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Easy ASIC dev 
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Event Name: delay : wren 
Time : 6597 main + 2F7C 4£B9 
Occur. 1790.9 6791 ser_io + 84 61FC 
141 1698.8 6871 put_byte + 42 4E75 
1506.8 —-9680-———ser_io + 12AG-—4EB9————- SR ——_ de lag) 
1498.8 11699 delay + 76 4E75 RTS 
11796 ser_io + 1324 61FC BSR comm _tst 
11899 comm tst + 76 4E&75 RTS 
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= Mnemonics 
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—. io int + 1C@ =. 260F MOVE.L (A7)+,D3 (3) 
1418 BAFB26 8Be8 { READ } (Ss) 
1631 @AFB28 6848 { READ ) (3) 
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. io_ int + 1¢4 (s) 
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~ Qle unit. Large colorcoded ——CO ere 
displays, Pop-up Menus, per — "ss Miearmastetes: 
formance analysis graphs, oe 
multi-tasking and more 
combine to uncomplicate 


logic analysis. 


Apply state-dri\ 

triggering at 200 
up to 384 channels 
and async data acqui 

You can assurance-te 
speed logic at full spee 
A-level state tracking 5 
high speed counter/timers © 
integrated into the 92A16 
timing board. 
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: -fesults clearly highlighted. 


The DAS9200 is available 

as a low-cost turnkey 
ASIC device verification 
system. 


Featuring 50 MHz pattern 
generation, 8K bit vector depth, 
1 ns edge placement and 
0.5 V/ns slew rates, it is an 
accessible, easy-to-use alterna- 
tive to centralized systems. 


You can link to popular logic 
simulators, download test vec- 
tors, Call up split-screen dis- 
plays and analysis graphs, 
utilize multiple sets of patterns 


Copyright © 1986. Tektronix, Inc. All rights reserved. LAA-365 
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Dernis’ focrite trigger spec 
Conclusive proof of sores | bug 
Store all invalid writes to Port & 


and parameter sweeps, and 


display results in timing or state - 


format, with anomalies clearly 
highlighted. 


The DAS9200 frees 

circuit board functional 
testing from costly and 
complicated central test 
systems. 


Configure up to 1008 chan- 
nels of stimulus at 50 MHz with 
8K bits/channel of pattern 
memory. Up to 540 channels of 


acquisition at 20 MHz with 32K — 


bits/channel memory. Or many 
other combinations. 


: all for under $700 Bier : lore 


realistic sondiionale 


tact your Tek sales ng 166 
the full story and the han 
oroof. Or call toll-free for more 
information. : 
1(800) 245-2036 

In Oregon, 1-231-1220. 


||] Rutomated 
ee 


What? 
Who? 

You? 
Why? 


y, 


Endorsed by: 

e Electronic Business 

e Electronic Packaging 
and Production 

e Design News 

e Semiconductor 
International 


Sponsored by: 


EDN 


gq For More Information on 
Tekronix, Circle No. 1 


ring for 
Electronics West 


March 31 to April 2, 1987 
Anaheim Convention Center 
Anaheim, California 


ADEE is the only conference/exhibition on the west 
coast that focuses on the real, practical applications of 
Computer Aided Engineering (CAE) and Design (CAD) 
for the design of electronic circuitry. 


The major vendors of CAE/CAD technology will be on 
hand—all of them presenting their latest innovations 
and all of them concentrating on real tools you can 
put to work right now. 


Whether you design logic, IC, or printed circuitry or 
systems, you'll soon need to acquire or expand your 
use of this powerful technology. That is, if you want 
to stay competitive. 


¢ Because you'll have a chance to meet with the leading 
suppliers of CAE/CAD technology and see their 
products in action. 


« Because you'll have a chance to compare and eval- 
uate hundreds of systems. 


¢ And because of ‘“‘CIRCUITPATH.” It’s a working, multi- 
company demonstration that addresses the challenge 
of integration. “CIRCUITPATH” will take you, step- — 
by-step, through a typical design cycle showing how 
each element in this integrated CAE/CAD system 
contributes to the design of a single product. It proves 
the challenge can be met and conquered with existing 
technology. 


e You can also take advantage of technical presentations— 
a user-oriented program tied closely to the exhibition 
to make the real technology as accessible and 
manageable as possible for you. 


Please send advance registration information on ADEE West 
'87, including details of the exposition and conference program. 


Name Title 
Company 
Address 

State 


Bring a team to ADEE! Photocopy this coupon for your 
colleagues. Return to ADEE West ’87. 

‘ Cahners Exposition Group 
CK Cahners Plaza, 1350 E. Touhy Ave. 
Des Plaines, IL 60017-5060 
Telephone: (312) 299-9311 
Telex: 256148 CEGCGO DSP (Domestic) 
82882 CAGCHGO (International) 


| 
| 
| 
| | 
| 
| City AID 
| 
| 
| 
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drives is the result of the out- of-the- cae 
to make them that way. : 

Because we were the first to make intell 
disk drives, we have more field-proven experience in — 
making them to last. And because we designed both th 
SCSI controller electronics and the drive, they truly , 
perform as if they were made for each other. _ 

‘The Q200 Series drives are available in £ MB, 
80MB and 160MB (formatted) capacity models. And our 
new custom- -designed, semi-automatic manufacturing line 
in Milpitas has the capacity to make these high quality — 
drives at the rate of one every 30 seconds. So availability 
is one more thing you can rely on — from Quantum. 

Quantum Corporation, 1804 McCarthy Blvd., 
Milpitas, CA 95035 (408) 262-1100. TWX 910-338- 3303, 
Eastern Regional Sales: Salem, NH (603) 893-2672. 
Western Regional Sales: Santa Clara, CA (408) 980-8555. 
European Sales: Frankfurt, West Germany 069-6666-6167. 
Quantum products are distributed in the United States and 
Canada Se Arrow Electronics. 
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Q250 (53MB) Q160 (160MB) Q280 (80MB) 


Quantum 


First In Intelligent Disk Drives 


Q200 Series and DisCache are trademarks of Quantum Corporation. © 1986 Quantum Corporation. 


bs 


or a : e e - 

The innovative side. 
At Quantum, we put at least half our thinking into making 
disk drives innovative. 

Our Q200 Series” of intelligent disk drives is the 
best example of doing things ever better. 

The half-height 53MB and 80MB (formatted) 
capacity models were the very first intelligent drives intro- 
duced — a major advancement in disk drive architecture, 
integrating a custom SCSI controller into the drive itself. 

Soon thereafter, we introduced our full-height 
160MB (formatted) capacity intelligent disk drive. This 
new model in the Q200 family incorporates yet another 
major advance — DisCache;" a look-ahead, high-speed 
memory to significantly increase data throughput, with 
programmable options for individual application needs. 

All three models in the Q200 Series use the same 
heads, the same media, and the same integrated controller 
design. They also use the same SCSI interface and support 
the same software commands, utilizing the industry stan- 
dard common command set. That’s why we can guarantee 
compatibility among the family, making it easier than ever 
to upgrade and enhance your systems — now and with 
future products. So if you’re looking for future innovations, 
Quantum is where to look first. 

Quantum Corporation, 1804 McCarthy Blvd., 
Milpitas, CA 95035 (408) 262-1100. TWX 910-338-2203. 
Eastern Regional Sales: Salem, NH (603) 893-2672. 
Western Regional Sales: Santa Clara, CA (408) 980-8555. 
European Sales: Frankfurt, West Germany 069-6666-6167. 
Quantum products are distributed in the United States and 
Canada by Arrow Electronics. 
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Q250 (53MB) Q160 (160MB) Q280 (80MB) 


Quantum 


First In Intelligent Disk Drives 


Q200 Series and DisCache are trademarks of Quantum Corporation. © 1986 Quantum Corporation 


CIRCLE NO 86 


erience 
Counts. 


BASSES 


peice aes 


- 6801 


American Automation has 
designed more emulators than C Language for selected 
Intel or Motorola, more than processors. Count on American 
Hewlett Packard or ‘Tektronrx, | Automation software. 
more than anyone. Count on Count on EZ-PRO from 
American Automation’s American Automation for the 
emulator experience. features you need for your proj- 


For each EZ-PRO emulator, ects, including Deep Trace™ 
American Automation provides 4,096 real-time events, 256 


complete software support: break-points with zoning, 

macro cross-assembler, complex triggering, on-line 

linker, symbolic debugger. assembly/disassembly. 
EZ-PRO 2.1* SUPPORTS: 


CDP6805D2 
CDP6805E3 


*Connected to PC 
with MSDOS 3.1 


2651 Dow Avenue, Tustin, California 92680 (714) 731-1661 
Telex II: 910-595-2670 AMAUTO TSTN IBM is a trademark of 


International Business Machines, Inc. 
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TECHNOLOGY UPDATE 


Intelligent Peripheral Interface standard 
permits data-transfer rates of 10M bytes /sec 


Maury Wright, Regional Editor 


High-end peripheral products, espe- 
cially Winchester disk drives, have 
outgrown such I/O interface stand- 
ards as the Storage Module Device 
(SMD) and Enhanced Small Device 
Interface (ESDI) standards. Both 
system manufacturers and users are 
now beginning to demand improved 
I/O performance from these periph- 
erals. 

The Intelligent Peripheral Inter- 
face (IPI) specifies a high-perfor- 
mance solution to this problem at 
the device and I[/O-bus levels. The 
IPI standard for both levels permits 
the interface to operate at 5 MHz 
and to support a 10M-byte/sec 
transfer rate. 

A number of major vendors of 
high-performance Winchester disk 
drives have embraced the IPI stand- 
ard for their high-speed I/O periph- 
erals. Hard-disk drives implement- 
ing the device-level interface (IPI-2) 
are already available. Furthermore, 
interface- and peripheral-controller 
chips dedicated to IPI applications 
will soon be available in production 
quantities, and you can expect con- 
troller houses to ship IPI board 
products this year. 


IPI defines a 16-bit data path 


Because it defines a 16-bit data 
path, the IPI standard will facilitate 
the development of higher-perfor- 
mance computers. IPI-2 is the first 
standard implementation of a de- 
vice-level interface that transfers 
data in a parallel fashion. 

The IPI-2 device-level interface 
and the IPI-3 I/O-bus interface are 
physically identical. However, IPI-2 
uses device-specific commands and 
is timing-critical; IPI-3 uses high- 
level, device-generic commands and 
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Custom IPI-2 chips, developed by Fujitsu, control the Model M2333P 8-in. Winchester disk 
drive, which stores 337M bytes and operates at 2.5M bytes/sec. 


is timing-independent (see box, 
“IPI: a layered interface”). 

Depending on the type of system 
you're developing, you'll be able to 
use either IPI-2 or IPI-3 products, 
or both. The I[PI-3 standard defines 
a high-performance and flexible 
I/O-bus architecture that suits I/O- 
subsystem applications for super- 
micro-, mini-, and mainframe-com- 
puter applications. IPI-3 allows a 
system to support many different 
types of peripherals at the same 
time. At present, the CPU perfor- 
mance of such computers outstrips 
the capability of non-IPI standard 
I/O-interconnection schemes. With- 
in an IPI-3 subsystem, manufactur- 
ers can use IPI-3/IPI-2 controller 
boards and IPI-2 devices. 

IPI-2 peripherals will suit less 
complex systems, such as graphics 


systems and CAE workstations, 
which require high-performance I/O 
between the computer and primary- 
storage devices such as disk drives 
but which don’t need to support 
many different types of peripherals 
at the same time. A dedicated IPI-2 
controller for the VME Bus, Multi- 
bus I/II, or another bus will suit 
these applications. 

The IPI specification was devel- 
oped primarily by a group of Win- 
chester disk-drive vendors who are 
members of ANSI committee 
X3T9.3, which controls the specifi- 
cation. Some disk-drive-controller 
and IC manufacturers have also 
worked on the specification. During 
the development of the IPI stand- 
ard, some of the disk-drive manufac- 
turers banded together to promote 
the development of IPI ICs for use 
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on IPI disk drives. These manufac- 
turers contracted with Simulex 
Corp to develop a chip set that 
would simplify the implementation 
of IPI-2 in a disk drive. (Simulex 
specializes in designing custom ICs 
for the data-storage industry. ) 


independence al 
physical and ele 
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The development of this chip set 
was originally funded by Ampex 
Corp (El Segundo, CA), Century 
Data Systems, Fujitsu, Control 
Data Corp, NEC, Pertec Peripher- 
als Corp (Chatsworth, CA), Priam 
Corp (Santa Clara, CA), and Stor- 


age Technology Corp (Louisville, 
CO). Priam dropped out early in the 
program, and Hitachi and IBM 
joined later. 

Simulex still invites drive manu- 
facturers to join the group for 
$100,000, the price that each of the 


wever, typically | offer 
Pp 2 standard specifies — 


e intelligence for \ 
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other vendors paid. For the 
$100,000, the drive vendors receive 
full details of the chip set; they’re 
permitted to build the devices them- 
selves or buy them from a semi- 
custom vendor. Once the license fee 
is paid, the drive vendor pays only 
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the cost of the silicon for parts. 
Simulex shipped working chips to 
the group of manufacturers in the 
second half of 1986. At present, it’s 
not clear whether the chip set will 
be offered commercially. 

The chip set includes the SX1601 


interface-protocol circuit and the 


SX1602 SERDES  (serializer/ 
deserializer) formatter circuit. A 
single SX1602 can arbitrate be- 
tween two SX1601s for dual-ported 
drive applications. In addition to the 
two chips, IPI-2 drives basically re- 
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Packing 1G bytes into a 9-in. Winchester disk drive, Hitachi’s Model DK815-10 boasts the 


highest capacity available in an IPI-2 drive. 


quire only a uP, glue logic, drivers/ 
receivers, and firmware. Simulex 
provides sample code to aid drive 
manufacturers in firmware develop- 
ment. 

Several companies already offer 
IPI-2 drives. Most of the available 
drives were derived from SMD 
drives and operate at 3M bytes/sec 
or less, rather than near the 10M- 
byte/sec maximum transfer rate 
that IPI specifies. However, the 
available drives offer designers the 
opportunity to evaluate the IPI 
standard now and to begin develop- 
ing IPI boards and systems. 


NEC recently announced the. 


availability of its D2362 9-in. Win- 
chester disk drive. This IPI-2 drive 
stores 800M bytes in a 9-in. format. 
The $9500 drive features a 15-msec 
access time and a 2.4M-byte/sec 
transfer rate. NEC marketing man- 
ager John Zilinski expects that by 
midyear a number of manufacturers 
will offer drives that provide trans- 
fer rates beyond 3M byte/sec. 
Control Data already offers a 3M- 
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byte/sec drive; it stores 515M bytes. 
The company plans to ship the 9-in. 
Model FSD II drive in OEM quanti- 
ties by March at $12,620. 

The highest capacity IPI-2 drive 
available at present is the Hitachi 
DK815-10, which stores more than 
1G byte. The 9-in. DK815-10 fea- 
tures a 15-msec access time and 
costs $14,700 in sample quantities. 


All the drives mentioned so far 
a : " 


employ the Simulex chip set. Al- 
though it participated in the Simu- 
lex effort, however, Fujitsu de- 
signed its own chips for the 
M2333P, an 8-in., 337M-byte drive. 
The M2333P costs $4800 (100) and 
features 20-msec access time and a 
2.5M-byte/sec transfer rate. The 
Simulex chips may become the yard- 
stick for standardization, but 
Fujitsu hasn’t decided which de- 
vices to use in its future products. 


Controller choices are limited 


Controller boards for IPI-2 drives 
are still scarce; at present, only one 
company, Control Data, offers sam- 
ples. Evaluation units of the compa- 
ny’s Model 9057 controller and the 
FSD II drive sell for $17,650. The 
IPI-3/IPI-2 controller comes in a 
3'%4-in.-high, 19-in.-wide  rack- 
mountable enclosure. Control Data 
implemented the controller with 
discrete ICs. The company expects 
to make the controller available in 
production quantities in March. 

Hitachi and Fujitsu both plan to 
offer IPI-3/IPI-2 controllers in pro- 
duction quantity by midyear. Hit- 
achi plans to build its controller 
with discrete ICs; Fujitsu’s offering 
will employ some custom IPI-specif- 
ic ICs. Fujitsu may offer the chips 
commercially at a later date. 

Controller houses that have expe- 
rience in dedicated bus-resident 
controllers for SMD and ESDI pe- 
ripherals plan to offer IPI-2 control- 


Automatic test equipment that simulates the master-and-slave operation specified by the IPI 
standard is available from Simulex. The equipment allows designers to test and debug both 


drives and controllers. 
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Engineering calculation raised to a new power. 


The only software program 

to combine the flexibility ofa 
blackboard, the simplicity of a 
calculator, and the power of 

a personal computer. 

3 Now youcan write 
calculations on 
your PC in stan- 

_ dard math nota- 

| tion—mixing text, 
_ formulas and 

m= graphics with the 
same free-form ease you have ona 
blackboard or scratchpad. 


No new languages to learn. 
Simply type equations anywhere 
on the screen and MathCAD auto- 
matically calculates and displays 
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your results as numbers or graphs— 
exactly as you want to see them. 
Change anything, and MathCAD 
instantly recalculates the results. 
Add text at any point to support 
your work. Then print and save 
your entire calculation as an inte- 
grated document. 


Powerful built-in functions. 
MathCAD handles both real and 
complex numbers and does auto- 
matic unit conversion and dimen- 
sional analysis. It has a full range 
of built-in functions including inte- 
gration, differentiation, fft’s and 
cubic splines. Or you can define 
your own. No wonder thousands of 
engineers use MathCAD every 
day, for everything from robotics 


MathCUAD 


MathSoft, Inc., 1 Kendall Sq.,Cambridge, MA 02139 
CIRCLE NO 88 


to signal processing and thermo- 
dynamics to fluid mechanics. 


Call us today. 

We’re convinced that MathCAD 
belongs on every engineer’s desk. 
At $249, with our no-risk, 30-day 
money-back guarantee, you really 
can’t afford not to try it. To place 
your order or to request further 
information, call us now at: 


1-800-MathCAD 


(in Massachusetts: 617-577-1017) 


MathCAD. Once you’ve tried it, 
you ll wonder what you ever did 
without it. Order today. 


Requires IBM PC® or compatible, 512KB RAM, graphics card. 
IBM PC is a registered trademark of International Business 
Machines Corporation. MathCAD™ MathSoft, Inc. 
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lers also. The initial products will 
probably target the VME Bus and 
Multibus II markets. You can-expect 
Emulex (Costa Mesa, CA), Ciprico 
(Plymouth, MN), Xylogics (Burling- 
ton, MA), and Interphase (Dallas, 
TX) to offer IPI-2 products in the 
second half of 1987. 

IPI-3 host adapters are not avail- 
able yet from any manufacturer. If 
you want to implement an IPI-stan- 
dard system right now, you must 
either design your own IPI-3 host 
adapter or your own IPI-2 dedicated 
controller board. 

Potential IPI-board and -system 
manufacturers have been hampered 
by the lack of IPI-compatible ICs. 
IPI drives and even test equipment 
(see box, “IPI test equipment”) are 
available, but you must complete 
any IPI-compatible design without 
the aid of IPI-specific chips. 

You couldn’t use Simulex’s IPI-2 
drive chip set in a controller or a 
host adapter because the chips were 
specifically designed to implement 
the slave IPI-2 disk interface and 
not to implement a controller or 
other type of peripheral interface. 

Simulex does, however, plan to 
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ship ICs that target host and con- 
troller applications by midyear. The 
company initially plans to produce 
three chips for use in IPI controllers 
and host adapters: the SX1610 IPI-2 
disk interface controller, SX1620 
programmable ECC circuit, and 
5X1630 IPI-3 slave interface con- 
troller. Fig 1 depicts the way the 
chips will be used in a typical [PI-3/ 
IPI-2 controller with a dual-channel 
IPI-3 interface. The SX1610 and 
$X1620 also fit dedicated computer- 
bus-resident IPI-2 controller appli- 
cations. The company currently pro- 
vides circuit-board emulations of 
the chips. 


Chips target performance gains 


The three Simulex chips will ini- 
tially sell for around $150 each in 
small quantities. Simulex president 
Dave Guss predicts, however, that 
prices could fall to the $40 range 
within the year. In any case, as IPI 
committee member Dal Allan points 
out, specialized ICs serve to in- 
crease performance rather than to 
decrease price in high-performance 
applications. 

Furthermore, without IPI-specif- 
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ic ICs, you can’t get high perfor- 
mance from a package of a reason- 
able size. An IPI hardware 
interface implemented in discrete 
logic is too big for use with many of 
today’s high-performance computer 
systems. The controller from Con- 
trol Data, for example, occupies a 
19-in. rack enclosure. Although a 
board this size is fine for use with a 
mainframe system, it’s much too 
cumbersome for use with a worksta- 
tion. When IPI-specific ICs are 
available, you’ll be able to build a 
controller board that fits into the 
case that houses the disk drive. 

Several companies besides 
Simulex have also developed dis- 
crete implementations of IPI-3 in 
I/O subsystems or computer sys- 
tems. Century Data Systems, for 
example, offers IPI-3 subsystems 
with capacities ranging from 344M 
bytes to almost 3G bytes. The sub- 
systems start at $12,000 to $13,000 
and contain from one to eight drives 
each. A full subsystem resembles 
two filing cabinets. 

IBM offers IPI-3 disk subsystems 
for its System 36 and 38 computers; 
the company also sells the subsys- 
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Fig 1—The three IPI-specific chips planned by Simulex will simplify the design of IPI-3/IPI-2 controllers and dedicated IPI-2 controllers. 
The block diagram shows a typical IPI-3/IPI-2 implementation. 
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IS GREATER THAN 


Any recorder can do something, but 
only one recorder does it all. 

Soltec’s 8K40. 

While the best of the competition is 
adequate, the 8K40 excels. 

In Signal Conditioning: A wide 
range of plug-in signal conditioners, 
plus a unique programmable 
conditioner which allows for computer 
control including auto ranging. 

In Control: The 8K40's versatility is 
matched only by its ease of operation. 
It can be externally controlled with the 
use of: TTL Logic, Contact Closure, 
and RS-232 (standard) or IEEE-488. 

In Annotation: This interface 
capability offers complete computer 
control and unlimited comprehensive 
chart annotation, both on the edge and 
in the signal recording area. 

In Convenience: Simply touch the 
“List Print” button, and a print-out will 
identify each channel and its signal 
conditioner set-up, noting conditioner 
type, range setting and the status of 
the input, filter, and calibrated/variable 
Switches. 

In Presentation: Sharp, clear 
thermal traces are automatically 
compensated for chart speed, pen 
speed and ambient temperature. 

Add it up: the 8K40 is a sum 
without equal. 


For more information contact: 
SOLTEC CORPORATION, 

Sol Vista Park, 

San Fernando, CA 91340 
(800) 423-2344, or 

(818) 767-0044 in California. 


OSCILLOGRAPHS THAT EXCEL 
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THE WHOLE 
OF THEIR PARTS 
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tems as OEM products. The Model 
9332 costs $8500 and stores 200M 
bytes, and the 400M-byte 9335 ap- 
proaches the $30,000 range. Both 
drive subsystems fit into 19-in. 
racks. Although it participated in 
the development of the Simulex 
chips, IBM hasn’t yet announced an 
IPI-2 product. However, the fact 
that IBM offers both IPI-3 disk sub- 
systems and an IPI-3 interface on 
its System 36 and 38 computers indi- 
cates that the company will proba- 
bly make a major commitment to 
IPI products. 

You can purchase an IPI-3 tape 
subsystem for the System 36 and 38 
computers from IBM, although Ci- 
pher Data actually manufactures 
the product. (Cipher markets the 
tape subsystem under the name IPI 
Microstreamer.) The %-in. reel-to- 
reel tape drive accepts 7- or 10-in. 
reels and stores 46M bytes on a 
2400-ft tape. The drive employs 
phase encoding at 1600 bpi and sells 
for $3000 (100). 

Two other major companies also 
plan to use IPI-3 in their systems 
and subsystems: Siemens (Boca 
Raton, FL) and Gould (Fort Lau- 
derdale, FL) both have IPI-8 prod- 
ucts in the works. In fact, both 
companies have developed custom 
ICs for the IPI-3 interface, and you 
can expect the companies’ US IC 
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divisions to offer those ICs later this 


year. 
The IPI is still a very young stan- 


ments. The ANSI group is already 
planning to double the transfer rate 
and to increase the width of the data 


dard, but it already has a lot of path to 128 bits. The use of fiber- 


momentum. By the end of the year, 
you can expect IPI products to be 
commonplace; in 1988, IPI products 
will dominate the high-end I/O mar- 
ket. IPI committee member Dal 
Allan believes that IPI is one of very 
few standards to arrive concurrent- 
ly with both the need for it and the 
technological capability of imple- 
menting it. 

Allan also points out that the com- 
mittee intends to enhance IPI to 
keep up with technological advance- 


optic cables instead of ribbon cables 
in the physical interface may also 
enhance performance. Such im- 
provements will allow the manufac- 
turers to employ the IPI standard in 
parallel-transfer disk (PTD) drives 
and possibly even in multiple 5%-in. 
Winchesters that operate in paral- 
lel. EDN 
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Now you dont have 
to go to pieces to integrate 
touch control. 


Fluke introduces the first touch control 
subsystem that’s as easy for you as it is 
for your customers. 

Until now there was only one way to get a 
touch-sensitive operator interface into your 
equipment. Piece by piece. By piece. That 
required lots of design time, not to mention 
lots of budget. 

Now you don’t have to go to pieces to 
enjoy the benefits of touch control. Fluke 
introduces the 1020 Touch Control Screen — 
a completely integrated subsystem. The 1020 
includes touch display, CRT, power supply 
and logic boards. All in one compact unit. 
Just provide connections for power and 
host computer interface. 

The 1020's powerful internal software helps 
you develop a friendly menu-driven operator 
interface. Unique commands simplify the cre- 
ation of menus or control “buttons, so you 
can provide a straightforward control panel 


IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400. Other: (206) 347-6100. 


on the screen. These software aids will save 
you weeks of design time as you develop 
your operator controls. 

You can specify the 1020 for the most 
rugged industrial environment. It's designed 
to meet rigorous standards for temperature 
range of operation, EMI protection, and safety. 
Resistant to chemical attack and to abrasion, 
the Touch Control Screen has been tested to 
over 1 million touch operations. Our NEMA 12 
panel-mounting kit provides a seal against 
moisture, dirt, and contamination. 

So why go to pieces when you can come to 
Fluke? Put the Fluke 1020 to work for you. For 
information on how Fluke Touch Control 
Screens can work in your application, call 
1-800-426-0361. 


THE FIRS CHOICE 
IN TOUCH CONTROL. 


EUROPEAN HEADQUARTERS: Fluke (Holland) B.V., P.0. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TOC 51846 
© Copyright 1986 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4602-1020 
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FLUKE 1020 
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CRT: 12” diagonal high contrast green phosphor 


Touch cells: 12 rows x 10 columns (cover entire display) 
Serial Interface: RS-232-C / RS-422-A 


Baud rates: selectable up to 19,200 


Seal: optional dust and moisture resistant panel mounting kit (NEMA 12) 
Dimensions: 13.2” wide x 10.3” high x 12.5” dee 


OEM and quantity discounts available 


FLUKE 


® 
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Cadnetrx 
the standard C 


Finally, full-function CAE for your 
standard IBM PC. 


For a long time, full-function CAE and a standard 
IBM PC couldn't be mentioned together in the same 
breath. The Cadnetix PC System has changed all that. 

Finally, an experienced CAE vendor has outfitted an 
unmodified IBM PC/AT™ or XT™ with the same excellent 
hierarchical schematic capture tools included on our 
high-end workstations. We’ve given you immediate access 
to real CAE component and semicustom libraries via 
Ethernet™ And, we’ve made your PC a “‘window on the 
network; linking it to powerful Cadnetix engines for 
simulation, physical modeling and physical layout. All this. 
without expensive alterations or add-on hardware. 4 
The Cadnetix PC System is a complete CAE resource _ “ 7 
that hasn’t been converted into a high-cost hybrid. | ee we mee eee 


The super-computer power of Cadnetix 
Engines, directly available to your PC’s. | 


With Cadnetix, your IBM PC becomes much 


You'll develop designs on the PC, then compile and 
analyze them on high-performance engines tailored for 
accelerated compilation, simulation, physical modeling 
more than a normal entry-level CAE workstation. For and database management. And Cadnetix has integrated all 
fast analysis of your largest designs, Cadnetix gives you‘) of these functions into a single network resource featur- 
direct access from your PC to our full line of CAE Engines. | ing both a RISC processor and a bit-slice processor to 
accelerate various applications tasks. 

Our Analysis Engine is a versatile processing node 
offering you the choice of configurations you need for 
your design analysis environment. With up to 280 Mb of 
disk, mass storage for database management is essen- 
tially unlimited. Options include: 

e —_ Bit-Slice Engine with Simulation: This bit-slice 
application-specific accelerator speeds through 
logic simulations at 200,000 evaluations per 
second — 200 times faster than typical work- 
stations. Worst-case analysis tools are standard. 
GP Engine: A general purpose engine providing 
accelerated compilation and SPICE. Based on 

a RISC architecture chip set, it has an effective 
operating rate of 10 million instructions per 
second. In addition, a compiler and debugger 
tool set allow you to accelerate ‘C’ programs 
which you develop. 

e — Physical Modeling Engine: This engine simulates 
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introduces - 
AE workstation. 


VLSI chips at vector rates of up to 16 MHz and 
accommodates devices with up to 364 inputs and 
384 outputs. Vector storage of 512K x 91 bits 
provides for longer simulations and simultaneous 
analysis of up to 30 devices. 

Powerful Cadnetix engines complement PC capabili- 
ties, achieving top efficiency in compute-intensive design 
tasks while supporting lowest-cost per engineer for 
routine access. 


Now your PC has the capability of an 


entire design network. = 
lO stig andor » cml A 


ported solutions for electronic systems design. 
The NFS® protocol, a powerful networking stan- 
aard, provides immediate and transparent remote 
file access to our full range of design tools: PC’s for 
engineering design, high-performance workstations 


ed 


3 


for advanced design tasks, high-capacity file servers 
for mass storage, engines for applications demanding 
pe& power. 
Cadnetix protects your investment with the most 
comprehensive set of data access standards available. With 
_ DNIX™ and EDIE your data is always accessible. And with 
) remote login capability, you can access any UNIX node 
on your network through the UNIX window on your PC. 
Cadnetix has established the standard for ease of 
use with its incustry-leading object-oriented user inter- 
face. Cadnetix has brought this interface to the IBM PC, 
giving you the shortest possible learning curve and 
eliminating a significant hidden cost of other systems. 
Find out about the Cadnetix PC System. Discover 
the unlimited design potential of your PC. 


@ 


CADNETIX 
Solutions for system design. 


Cadnetix Corporation, 5757 Central Ave., 
Boulder, CO 80301 (303) 444-8075 


IBM PC/AT and IBM PC/XT are trademarks of IBM Corporation. Ethernet is a trademark of Xerox Corporation. 
NFS is a registered trademark of Sun Microsystems, Inc. UNIX is a trademark of AT&T Bell Laboratories, Inc. 
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: comprehensive, 
low distortion — 
modulation 
(AM, FM, and 
- phase) and true non-volatile. 
memory for 100 settings. 


With a panel width of 
only 842” and weight, 
Just 1°% Ibs., it’s ideal 
for “or field use. 


ution and 
evel 
Nee 


ic links 
are. LO 3 km 


reverse ae 
which is fail safe, even 
with supply off. 


A talker/listener GPIB 
option allows full 
programmable control of 
all functions in low cost 
ATE applications. 


Call us to put a giant 
on your bench now. 
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MARCONI INSTRUMENTS 
3 Pearl Court 

Allendale, New Jersey 07401 
lelephone. (201) 934-9050 _ 
West Coast: (714) 895-7182 - 
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Free Literature 


Low-Cost Magnetic 
Components Available 
from Stock 


JCT UPDATE 


{tiplying DAC 
conic over MIL range |} vc rove: 


ae anu aits UL Recognized and CSA Certified. 


Full line of PC Power Transformers. 
From 1.1 to 36 VA. Features 3-flange 
bobbins for complete isolation. Low pro- 
file models. Catalog includes parallel and 
series secondary performance ratings and 
mechanical specs. Includes cross 
references to Signal, Stancor, Microtran, 
Triad part numbers. 


Low Cost 
Inductors 


Full line of PC Mountable Inductors with 
ferrite-core construction. Series includes 
economy high current inductors, ferrite 
power inductors with drum core, slug 


Full-temperature monotonicity to 16-bit resolution is the hallmark of the HS9372. The device | 
uses segmentation to attain the necessary differential linearity, which is the determining 
factor for monotonicity. A proprietary gate-array chip reduces undesirable digital feed- 


through. 


The HS9372 multichip-hybrid D/A 
converter guarantees monotonicity 
to a resolution of 16 bits over the 
commercial or military temperature 
ranges. Further, the multiplying 
DAC accepts a serial input and dissi- 
pates only 50 mW max. 

The ensured monotonicity of the 
converter stems from a segmented 
decoding technique. In this method, 
the DAC divides the four MSBs into 
15 equal-weight switches instead of 
the usual four binary-weighted 
switches. This configuration re- 
duces linearity errors and output- 
amplifier (external) offset errors by 
a factor of eight. A traditional R-2R 
network provides the remaining 12 
bits. 

According to the manufacturer, 
the DAC contains a semicustom gate 
array that minimizes digital feed- 
through (capacitive coupling of the 
input’s transitions to the output). 
The hybrid contains decoupling ca- 
pacitors to reduce the effects of 
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power-supply perturbations. Input 
data loads serially into a shift regis- 
ter. The 16-bit word then loads into 
a latch prior to its conversion to an 
analog output. A clear input allows 
you to set the DAC’s latch asynchro- 
nously to either all zeros or a one 
(the MSB) and all zeros. 
Full-temperature specifications 
for the converter include +0.003% 
(+1 LSB at 15 bits) max integral 
nonlinearity over temperature and 


-+0.0015% or +0.003% max differen- 


tial nonlinearity, depending on the 
grade. Stability specs include 
8-ppm/°C max gain drift and offset 
drifts of 1 ppm/°C for unipolar out- 
puts and 2 ppm/°C for bipolar out- 
puts. Housed in a 24-pin plastic or 
ceramic DIP, the HS9372 costs $48 
to $150 (100).—Bill Travis 
Hybrid Systems Corp, 22 Linnell 
Circle, Billerica, MA 01821. Phone 
(617) 667-8700. 
Circle No 725 


core and bobbin core construction, and 
wide band shield bead ferrite chokes. 
Physical and electrical specifications and 
available options included. 


Magnetics for 
Telecommuni- 
cations 


Stock components for virtually any in- 
terconnect requirement. Nearly 90 dif- 
ferent coupling transformers for voice 
and data applications including feed- 
bridge inductors and single hybrid 


transformers. Many economy, low 
profile, BSI and Australian Telcom 
applications. Includes physical and 
performance specifications. 


PREM 


MAGNETICS, INCORPORATED 


3521 North Chapel Hill Road 
McHenry, IL 60050 

(815) 385-2700 

TWX 910/642-3763 

FAX (815) 385-8578 
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Does your analog 
library have the 
models you need? 


Circuit simulations are only as 
good as the models they use. 
Like some of the generic Spices, 
MicroSim’s PSpice comes with 
a library of common devices. 
But unlike the others, our Parts 
software lets you add the 
models that you need, quickly 
and accurately. 


With Parts, finding parameters 
for nominal or best/worst case 
operation is easy: Parts needs 
only the information from the 
vendor’s data sheet. And you 
can verify your models with 
Parts’ interactive graphics. 


Parts is just one of the options 
available for PSpice, the world’s 
most widely used analog circuit 
simulator. 


MicroSim’s PSpice software 
runs on IBM-PC™ compatible 
and DEC VAX™ computers. 


Mae 


MICROSIM CORPORATION 
23175 La Cadena Drive 
Laguna Hills, CA 92653 

(714) 770-3022 © (800) 826-8603 


Call today for further informa- 
tion and a free evaluation copy 
of our software. 


IBM-PC is a trademark of International Business Machines Corp. 
VAX is a trademark of Digital Equipment Corporation. 


USA 
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Repeaterless fiber-opt. 


extend Ethernet range‘ 


The RL5000 Ethernet Expander 
Model 2 is a fiber-optic system that 
expands the transmission range of 
Ethernet workstations or file serv- 
ers to at least 3 km. The Expander 
serves as an interface between a 
standard Ethernet transceiver cable 
and an optical cable. It eliminates 
the expense, signal delays, and ca- 
bling of remote repeaters with asso- 
ciated transceivers and dummy 
coax-segment hookups. The unit 
passes transmit-data, receive-data, 
collision-detect, and heartbeat sig- 
nals transparently, and it also pro- 
vides power to associated Ethernet 
transceivers. In effect, the system 
expands the range of transceiver 
cable beyond its specified 50m limit. 

You can simplify a wide variety of 
Ethernet interconnections by using 
the RL5000 Model 2. In the simplest 
application, the system can provide 
network access to a workstation lo- 
cated outside the 50m transceiver- 
cable limit. In a multiple-worksta- 
tion application, you can connect the 
remote RL5000 directly to a multi- 
port expansion device such as the 
DEC DELNI. You can also connect 
the expander to remote asynchro- 
nous terminals via an Ethernet ter- 
minal server and use the network to 
access distant mainframes. 

The RL5000 Model 2 can also be 
used with Ethernet bridging or 
gateway equipment to interconnect 
two distant Ethernet networks. For 
networks that have no coax cable, 
the Expanders can provide a high- 
quality, high-speed link between 
two Ethernet-compatible devices 
such as mainframe computers. Al- 
though your link’s transmission dis- 
tances can exceed 3 km, you must 
not exceed the specified round-trip 
delay times in larger networks. 

The expander system consists of 


Fig 


Without local or remote repeaters, the 
RL5000 Ethernet Expander Model 2 expands 
the transmission range of Ethernet work- 
stations or file servers to 3 km. The unit 
passes the transmit-data, receive-data, colli- 
sion-detect, and heartbeat signals transpar- 
ently, and it also provides power to assoct- 
ated Ethernet transceivers. 


two identical Interface units and a 
2-fiber optical cable. You can use the 
Interface units interchangeably at 
either the station controller or the 
transceiver. The Interface unit used 
at the transceiver also powers the 
transceiver. 

The RL5000 Model 2 is compati- 
ble with a variety of standard fiber 
diameters—50, 62.5, 85, and 100 
wm. The link optical power margin 
specs at 10 dB min. The steady- 
state propagation delay is 100 nsec 
for the Interface unit and 4.94 
nsec/m for the cable. The operation- 
al wavelength is 820 nm. The 
RL5000 operates from standard ac 
line inputs and consumes 40W. 

Internal fusing and overvoltage 
protection are standard. The system 
operates over 0 to 50°C. Its optical 
connectors are SMA types. For the 
electrical interface, the transceiver- 
type interface units have 15-pin D 
subminiature female connectors; the 
station-controller units have 15-pin 
male D subminiature connectors. 
The RL5000 is available in stand- 
alone or 19-in. rack-mount configu- 
rations. $2250. Delivery, four to six 
weeks ARO.—Tom Ormond 

American Photonics Inc, 71 Com- 
merce Dr, Brookfield Center, CT 
06805. Phone (800) 626-5745 or (203) 
779-8950. 

Circle No 726 


EDN January 8, 1987 


EDN January 8, 1987 


THE SHORTEST TIME FROM 


scanbe takes your project from your schematic all 
the way through to a shippable product. One call 
does it all. 


The Hardware. Scanbe has wire wrap hardware for 
nearly every conceivable product design. The modular 
2D series of small, frame connected boards is ideal 
for mixing IC’s of various sizes while providing a low 
cost dense package. Plug-in cards include VME and 
Multibus, as well as Scanbe’s versatile 3D series 

and Americard®. Americard features unique power 
distribution and input/output cable arrangement. 


The Wire Wrap. Give us a schematic or wire list and 
we'll do the rest—including documentation and 
diagnostics—and swift, accurate wiring. 


The Packaging. There’s a huge selection of frames, 
drawers, racks and other accessories for the 2D series, 
as well as card cages of all sizes for VME, Multibus, 


CIRCUIT DESIGN TO FINISHED PRODUCT 


3D and Americard. Scanbe can’t be beat in board 
level packaging, with more card cages and racks for 
more board types than anyone in the business. 


And... the Wired System. You're in charge of each 
scanbe wire wrap project you do. Every project is 
supported with computer generated diagnostics and 
documentation so that service, upgrades and system 
integration may be easily implemented. 


Just one phone call gets it all started: 


800-227-0557 (iets 


si NIT OF ZERO CORPORATION 
3445 Fletcher Avenue E| Monte, CA 91731-3001 


LEADERS IN PACKAGING TECHNOLOGY 


Call today for your 
FREE Wire Wrap Catalog 
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MODEL |SPECIAL FEATURES | }10w 


SINGLE-OUTPUT 


100 KHz Switching Speed 
KRV Compact Small Size 


Wide Range of Applications 
From 5V to 48V 


Quality Construction For 
Utmost Reliability 


SD & SE 
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50KHz Switching Speed 
Small Size, Light-weight 


A 


MULTI-OUTPUT 


Designed to Meet VDE and 
KFD IEC 380. UL and CSA 
approvals pending. 


100KHz Switching Speed 
Small Size & Light-weight 


KT075 


Ready for Easy Modification 
For OEM Applications 


High Power 
Up to 6 Output Combinations 


SCB 306 


THE POWER 
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KEC PRECISION SWITCHING POWER SUPPLIES 


Now KEC gives you the power of choice with over 
100 power supplies for every conceivable applica- 
tion. KEC’s standard line includes both single and 
multi-output units in open frame and modular en- 
closed styles. And if you require something more 
than standard—KEC can quickly customize even a 
single unit for your application. 

_ One example of KEC’s exciting line: the KFD 
world-class power supply family, including 23 
models in 7 different wattages from 25 to 200W. 
Ail are designed to meet VDE safety requirements 
(UL, CSA, TUV approved or pending). Each is 
optimum for use with microperipheral equip- 
ment. And all feature low profile, small size, 
EMI emissions that are in compliance with 
VDE/FCC specifications, and more than 
competitive pricing. 

Another example of the KEC difference: 
the new KE series of single output 
1OOOW, 50KHz switching power supplies 
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optimum for test equipment and main frame com- 
puters. These high power, fan cooled units feature: 
compact size, low cost, UL approval (CSA pend- 
ing), enhanced reliability, rugged construction, 115 
VAC and 230 VAC inputs, built-in overload protec- 
tion, conformance to FCC Class A on conductive 
noises, plus remote programming, test and shut- 
down capability. 

But whatever the power supply—KEC is always 
the supplier of choice when it comes to excep- 
tional quality. It's a fact: KEC gets less than 1% field 
returns! Why? Every unit is MTBF calibrated... 
individually tested... builf with a 20 to 25% 
safety margin...burned-in for 72 hours...and 
backed with a full two year warranty. 

For the full story on the KEC power sup- 
ply line, send for a free brochure and in- 
formation packet today. KEC Electronics, 
Inc., 20817 Western Avenue, Torrance, CA 

90501. (213) 320-3902. 


KEC ELECTRONICS, INC. 
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Datel’s the name. 

1-800-551-6245 is the number. 

(In MA 1-800-262-5226.) 

While others talk about what 
their VMEbus product family can do, 
ours is already at work in the rack, on 
the floor, in the lab. 

Measuring temperature, flow, 
pressure and speed. 

Putting to rest your analog I/O 
problems with our VMEbus boards. 

Our extensive family provides 


data acquisition solutions for you in 
process control, test and measurement 
and industrial automation. 

Wherever analog measurement 
variables exist. 

The strength of our family comes 
from our own components married 
into our own VMEbus boards. 

Call us at home, collect, to get 
information about our hardworking 
family (3AM to 8PM EST, Mon.-F*ri.). 

Just ask for Mom. 


LEADERS IN DATA ACQUISITION 


11 Cabot Boulevard, Mansfield, MA 02048 (617) 339-9341/TWX 710-346-1953/TLX 951340/FAX (617) 339-6356 


Reader Vote No. 9009 
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READERS* CHOICE 


Of all the new products covered in EDN’s October 30, 1986, issue, the ones reprinted here generated the most 
reader requests for additional information. In case you missed them the first time, find out what makes them 
special: Just circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated 
pages in our October 30, 1986, issue. 


AMPLIFIER > 


Model OP-470 boasts the 
lowest guaranteed noise 
of any available quad op- 
erational amplifier and 
delivers performance 
comparable to that of 
the manufacturer’s in- 
dustry-standard OP-27 
(pg 117). 

Precision Monolithics 
Inc. 

Circle No 401 


A PC-BOARD ROUTER 


Running on AutoCAD, AutoPCD 
consists of integrated schematic- 
capture and pc-board-layout pack- 
ages to combine any of four rout- 
ing strategies (pg 215). 

Pro.Lib Inc. 

Circle No 402 


200-CPS PRINTERS P» 


The 192 Plus and the 193 Plus 
printers feature 9-pin printheads 
and offer menu-selectable print 
modes with speeds ranging from 
40 to 200 eps (pg 225). 

Okidata. 

Circle No 403 


POCKET DMM P> 


The Checkman Mini, 
Model DM1000, is a 
card-size 344-digit mul- 
timeter that comes in a 
vinyl case and has at- 
tached probes (pg 263). 


Siber H North 
pee ae A LED ILLUMINATORS 
Circle No 406 MxX400 Series LED illu- 


minators are brighter 
than the equivalent-sized 
incandescent lamps and 


<4FIBER-OPTIC ADAPTER _have bases that are com- 


The CN-3051 adapter board, oper- patible with those lamps 
ating on a fiber-optic network, al- (pg 236). 

lows IBM PCs and compatibles to Vata Display Products. 
communicate over distances as Circle No 404 

great as 200m (pg 253). 

Codenoll Technology Corp. 

Circle No 405 
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ICROTEK DOES ITA 


...AT THE LEADING EDGE 
SUPER 8, 68020, 


NOW 80386! 


* ¥ ¥ * : > S s SF EF 


te The Intel 32-bit 80386 microprocessor has 
arrived, and is set to play an important role in high- 

end, high-performance products. Due to wider 

buses and higher clock speeds, complex 80386 

target systems now require more powerful 

developing and debugging tools. Selection of a good 
development system and emulator will be critical in deter- 
mining whether or not 80386-based products are completed 
on schedule and within budget. 


MICROTEK’S U.S. service, sales and marketing arm, 
- NEW MICRO, now has the MICE-32/80386, a portable 
— » emulator that can run with any IBM- 
aS PC/XT/AT personal computer or compati- 

ble, VAX, and MicroVAX through parallel or 
serial interface. Or can stand alone 
with a terminal. 


Look at these features: 


¢ Completely self-contained 
standalone emulator 


¢ User-friendly command structure 
¢ Emulation to 32 MHz 
¢ “Snapshot’’ conditional, time-stamped trace 
¢ 256K Bytes soft mapped emulation memory 


¢ Powerful symbolic debugger with user definable 
procedures under PC/MSDOS, VMS and ULTRIX. 


Other processors supported by Microtek 
80286, 80186, 80188, 8086, 8088, 68000, 68070, 


68008, Z80, NSC800, 8085, 6809, 6809E, 6502 EE DOS” U 
(40 and 28 PIN) 8032, 8051, 8031, 8344, 8048, TEE Waster A PC | | 
8049, 8050, Z8, SUPER 8 ga alan oo 
, , £0, Gardena, CA 90247 \ oo 
1-800-233-6048 a M 
In CA: (213) 538-5369 IB 
VAX 


¢ IBM PC and PC-DOS are trademarks of IBM Corporation. VAX, MicroVAX, ULTRIX and VMS 
are trademarks of Digital Equipment Corporation. UNIX is a trademark of AT&T. 
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LEADTIME INDEX 


ITEM 
TRANSFORMERS 


Toroidal 
Pot-Core 
Laminate (power) 


CONNECTORS 
Military panel 


Flat/Cable 
Multipin circular 
PC 

RF/Coaxial 
Socket 
Terminal blocks 
Edge card 
Subminiature 
Rack & panel 
Power 


PRINTED CIRCUIT BOARDS 
Single-sided 
Double-sided 
Multilayer 
Prototype 


RESISTORS 


Carbon film 

Carbon composition 
Metal film 

Metal oxide 
Wirewound 
Potentiometers 
Networks 


FUSES 


SWITCHES 
Pushbutton 


Rotary 
Rocker 
Thumbwheel 
Snap action 
Momentary 
Dual in-line 
WIRE AND CABLE 
Coaxial 

Flat ribbon 
Multiconductor 
Hookup 

Wire wrap 
Power cords 
Other 


POWER SUPPLIES 
Switching 
Linear 


CIRCUIT BREAKERS 


OINIJO;O}O/;O;]® 


HEAT SINKS 
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Percentage of respondents 


oO};O};O;O 


oO O;O;SO};O;O;O};O 
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OPO O10) 0 /:o1oO 


ITEM 
RELAYS 


General purpose 
PC board 

Dry reed 
Mercury 

Solid state 


Diode 

Zener 

Thyristor 

Small signal transistor 
FET, MOS 

Power, bipolar 


INTEGRATED CIRCUITS, DIGITAL 
33 


CMOS 45 
TTL 24 45 
LS 43 
INTEGRATED CIRCUITS, LINEAR 

Communication/circuit 

OP amplifier 


Voltage regulator 


MEMORY CIRCUITS 
RAM 16k 


RAM 64k 
RAM 256k 


ROM/PROM 
EPROM 5.5 
EEPROM © 28 19 @ 19 +#G@ 6 78 
DISPLAYS 

Panel meters 56 
Fluorescent 85 


Incandescent 
LED 

Liquid crystal 
MICROPROCESSOR IC 
8-bit 
16-bit 
FUNCTION PACKAGES 
Amplifier 

Converter, analog to digital 
Converter, digital to analog 


LINE FILTERS 


CAPACITORS 


Ceramic 
Ceramic monolithic 


Ceramic disc 


Electrolytic 
Tantalum 


INDUCTORS 


Source: Electronics Purchasing magazine’s survey of buyers 
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BUILDING 
BLOCKS 
FOR THE OEM 


Central Data 


Central Data Corporation 
1602 Newton Drive 
Champaign, IL 61821-1098 
217-359-8010 

TWX 910 245 0787 


*Multibus is a trademark of Intel Corporation. 
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Two boards-in-one performance with one 80286- 
based processor board—and all at one low price. 


Central Data’s engineers have designed more power and more 
features into smaller Multibus* system space with our new 80286 
Single Board Computer. Fully plug-compatible with Intel's 
286/12, 286/10, and 286/10A, Central Data’s 80286 delivers the 
features and performance your application requires at a more 
attractive price. 

Designed around an 8MHz 80286 microprocessor with 
memory management, the 80286 Single Board Computer 
includes a CPU and memory —and a record number of on-board 
features. The board delivers up to one megabyte of zero-wait- 
state, dual-ported RAM, and uses only one slot in your system 
cabinet, instead of the two slots required by the Intel 286/12. The 
Central Data 80286 also includes interfaces for the 80287 numeric 
data processor, eleven DMA channels, an LBX bus interface, an 
SBX connector, and more. For design flexibility, one of the board’s | 
four RS-232 serial I/O ports can be configured for RS-422. 


And another top price performer on 
the Multibus: 

Central Data’s 8086 Single Board 
Computer is the industry’s top performer 
in 86/30 and 86/35-based applications, 
delivering 30% to 40% greater performance 
than similar boards on the market. 
Available in two versions, both are fully Intel-compatible, yet 
technically superior and competitively priced. The 8086 delivers 
up to one megabyte of on-board RAM with zero-wait-states at 
5, 8 and 10 MHz operation, all strap selectable. Other high 
performance design features include a large memory capacity, 
parity checking, two SBX connectors and a built-in socket for the 
8087 numeric data processor. 


Call or write today for all the details on how these new 
processor boards can save you money and increase your 
performance on the Multibus. For more information on 
any of our products, contact the Central Data sales rep- 
resentative in your area, or call your local Hall-Mark 
office. For quick answers to your questions about board 


selection, configurations and applications, call our appli- 
cation engineers toll-free. 


Toll Free 
(800) 482-0315 
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Tf you develop software ~ symbolically 
for any product based debug in the 
on an Intel microcontroller same high-level language 
Or microprocessor, includ- you wrote in without hav- 
ing the 80386, the unique —_ ing to deal with machine 
debug hooks in the Intel or hex code: Which means 
languages will help get the 80.386 reads as 80.386, 
job done faster. not 50 62 DO C5. 

In fact,when used with Because the location 
Intel debuggers and emu- of both code and data are 
lators, Intel development — easily specified with our 
languages can provide locator, it is easier for you 
more debug data than any to develop ROM-based 
other high-level language. __ firmware. 

Debug hooks let you Since Intel languages 
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produce identical object When you buyanIntel | 
code regardless of the host, language, you have access 
you can write code ata = to our customer hotline. 
PC running DOS, a VAX’ = So if you ever havea ques- 
— VMS terminal, oran Intel tion you can talk directly 


Development to a trained. 


| 


members applications specialist who 
— ofthesame_ understands our products. 
design team can therefore And can give you the right 
choose the most effective answers. Faster. 

~ combination of languages —_To order today, or get 
and systems to get the job moreinformation—includ- 
done faster. ing a free catalog of our 


Intel post-sales support development tools—call 
can also help you get toll-free 1-800-87-INTEL. 


the job done faster. We in- The sooner you call,the 

vented the microprocessor. fasteryoull get the jobdone. — 

~ We know microprocessors . 
and languages for Intel intel 
architectures better than 


© 1986 Intel C 
ANYONE else ° *VAX is sf sa eeUnGie ragey of Digital Equipment Corporation. 
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Static RAMs 


Innovation 1s driving the market for static RAMs, providing 
designers with an assortment of memory devices that sport a 
variety of features—including speed/density combinations 
that challenge dynamic-RAM performance. Continuing 
improvements in fabrication processes promise even 
urther advances in important static-RAM specs. 


oF 


J D Mosley, Regional Editor 


Once ignored by design engineers, who weren’t willing 
to sacrifice memory speed, density, and price for ease 
of integration, static RAMs now offer features and 
levels of performance that make these devices a practi- 
cal alternative to low-cost dynamic RAMs. Although 
static RAMs remain a generation behind dynamic 
RAMs with respect to speed and density, 256k-bit 
densities and access times under 10 nsec make mono- 
lithic static RAMs acceptable for a variety of applica- 
tions. Furthermore, because static RAMs are easy to 
customize, many companies offer their static RAMs 
with a number of application-specific features. 


Processes offer differing benefits 


Bipolar memories using emitter-coupled logic (ECL) 
provide the fastest access times available in a static 
RAM, but ECL parts consume two to three times more 
power than those slower MOS RAMs that use TTL- 
compatible circuitry. Bipolar static RAMs also require 
larger die sizes than MOS memories—an important 
consideration if you have little board space to spare. 

Although TTL-compatible static RAMs are fabri- 
cated using bipolar, NMOS, and CMOS processes, 
CMOS versions predominate. CMOS technology, how- 
ever, is often associated with quality and reliability 
problems stemming from its high susceptibility to elec- 
trostatic discharge (ESD) and latch-up. The gate-oxide 
breakdown characteristics of CMOS, coupled with its 
high input impedance, makes this process a prime 
candidate for ESD damage. 

Every IC manufacturer has taken steps to reduce the 
possibility of chip failure arising from ESD. Harris 
Semiconductor, for example, uses a junction-isolated 
dual-diode protection network on its line of CMOS 
memories. Other manufacturers, such as Integrated 
Device Technology, use this type of protection network 
and add proprietary circuitry on device outputs to 
protect against ESD stress and device degradation. All 
manufacturers, however, warn that careful handling of 
static-sensitive ICs is imperative. It’s also interesting to 
note that some bipolar devices are now more sensitive 
to ESD than their CMOS counterparts because of new 
processing technologies involving shallow junctions. 

The other familiar CMOS problem, latch-up, occurs 


Shrinking geometries are propelling static RAMs into high-perfor- 


mance applications. (Photo courtesy Cypress Semiconductor) 
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Special Report 


when the CMOS substrate’s parasitic resistance (Rsus) 
isn’t properly grounded, causing a current to flow from 
ground. Depending on the device’s sensitivity, this 
current can forward-bias transistors in the device, 
resulting in a current surge that can destroy the IC. 

Latch-up can occur in response to currents as low as a 
few milliamperes, or it may require several hundred 
milliamperes of sink or source current. To minimize the 
effects of the latch-up phenomenon, Cypress Semicon- 
ductor uses design techniques—including a low-imped- 
ance substrate and a substrate bias generator—that 
move the trigger threshold far beyond the operating 
range of the device. These improvements also result in a 
higher noise tolerance. 

Another problem associated with the miniaturization 
of IC memories involves soft errors—that is, transitory 
memory failures caused by alpha particles emitted by 
the IC’s packaging materials. These particles can cause 
data reversion in the memory. If high reliability is a 
major design concern, you may want to make sure that 
the manufacturer has taken steps to prevent soft er- 
rors. Such measures include the use of packaging 
materials having minimal alpha-particle emissions, ap- 
plication of a chip coating that’s resistant to alpha 
particles, and design of a circuit that inherently resists 
alpha particles. 

One such circuit is called a 6-T (6-transistor) cell. 
Most CMOS cells have four transistors (4-T) and two 
polysilicon pullup resistors. Because transistors are 
more resistant to alpha-particle radiation and tempera- 
ture variations than resistors, 6-T cells replace the two 
pullup resistors with transistors and thus reduce the 


Oh 
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Using a bipolar process that provides 1.2-y~m feature sizes and a 
“slot” that lowers parasitic capacitance, the 16k x1-bit Am10/100480 
from AMD boasts a 15-nsec access time. 
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Some bipolar devices are now more sensitive 
to ESD than their CMOS counterparts, a 
result of new processing technologies involy- 
ing shallow junctions. 


possibility of soft errors. An added bonus is reduced 
power consumption. 

These challenges to the ingenuity of MOS memory 
manufacturers and designers have resulted in an inter- 
esting side benefit. Recognizing the lengthy develop- 
ment cycles that are common among the established 
semiconductor firms, a number of US start-up compa- 
nies have rushed into the breach and given designers 
state-of-the-art memories specifically intended for cut- 
ting-edge applications. The memories these start-ups 
offer tend to be low-density, high-speed, application- 
specific devices that are produced in low volumes, but 
they do let designers build prototype designs that are 
on the leading edge of technology. By the time you're 
ready to mass-produce the prototype, the major semi- 
conductor companies should be able to fulfill your 
needs. 

Cypress is one of these newer companies. Founded in 
April 1983, Cypress has supplied high-performance 
CMOS memories that range in density from 64 to 64k 
bits and in access time from 15 to 35 nsec. Cypress is 
now working on the CY7C128, a 256 x4-bit CMOS static 
RAM with a 7-nsec access time. Scheduled for introduc- 
tion in the first quarter of 1987, this 24-pin IC will come 
in a 300-mil package and will feature separate TTL- 
compatible inputs and outputs. It promises to with- 
stand greater than 2000V of static discharge. Pricing is 
not yet available. 

Another company that makes ASIC memories, VLSI 
Technology, prides itself on its ability to take a product 
from concept to market in only six months (established 
semiconductor manufacturers can take two years to 


Dissipating 770 mW and featuring access times of 20 nsec, the 
4kx4-bit Am99C58 and Am99C59 CMOS static RAMs from AMD 
have separate I/O pins to improve throughput. The Am99C59 also 
specs a 10-nsec chip-select access tume, while the Am99C59 automati- 
cally powers down when deselected to cut power consumption by 
70%. 
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introduce a new product). VLSI Technology recently 
acquired another start-up company, VISIC Ine, to 
expand its design capacity and strengthen its ability to 
explore new technologies. 


Interface between 8- and 16-bit wPs 


Although the company does market some standard 
RAMs, VLSI Technology prefers to focus on chips like 
its multiplexed dual-port static RAM, the VT16DP%8. 
This IC’s left port is organized as 1024 16-bit words, 
while the right port can hold 2048 8-bit words. This 
design lets you use the VT16DP8 as a single-chip 
interface between 16- and 8-bit wPs. Its 60-nsec access 
time, an output enable on each port, and separate 
power-down functions for each port further simplify 
your circuit-design requirements. Other features in- 
clude on-chip contention logic, which arbitrates be- 
tween attempts to access the memory; it delays re- 
quests for one port until an operation using the other 
port is complete. Pricing starts at $52.60 (1000). 

If you need a fast CMOS dual-port static RAM that 
isn’t quite as exotic as the VTI6DP8, consider Mosel’s 
45-nsec 2kX8-bit device. This chip consumes only 325 
mW during operation and 5 mW in standby mode. 
Alternatively, you can order a low-power version that 
consumes 200 pW of battery power in the standby 
mode. Each port has separate controls, a separate 
address, and separate inputs and outputs, which to- 
gether allow independent access for read or write 
operations to any location in memory. Housed in a 
48-pin, 600-mil DIP, the MS6132 costs $35 (100). 

Another start-up company that’s carving out a mar- 
ket niche by avoiding commodity products and beating 
the major semiconductor companies to market is Inte- 
Seve Device eet One note wera CMOS stat- 


he 0. 8-pm channel length need i in this 4kx 
CY7C150 from Cypress Semiconductor Corp, accounts for its 15 ates 
access time. 
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ic RAM from IDT is the IDT7174, a 35-nsec, 8k x8-bit 
RAM with an on-chip cache-address comparator, an 
asynchronous-clear pin, and a high-speed chip-select 
pin. The IDT7174 costs $95 (100). 

Advanced Micro Devices, although far from being a 
start-up company, committed itself to an agressive 
schedule of new-product announcements during 1986, 
and as a result, the company’s memory line now in- 
cludes a number of ASIC chips with special features. 
The Am9151, for example, is a 1kx4-bit static RAM 
that offers on-chip diagnostic capability via the proprie- 
tary Serial Shadow register. The register’s diagnostics 
break the normal feedback path of a sequential data 
network and establish a logical path via which the 
register defines inputs and samples outputs; it’s there- 
fore able to detect system- or board-level malfunctions. 
A 40-nsec version of the Am9151 costs $25 (100). 

At least three companies think that the best way to 
improve CMOS static RAMs is to make them nonvola- 
tile. Dallas Semiconductor markets the DS1235, a 
32k X8-bit RAM that retains its memory in the event of 
a power loss. Powered by an on-chip lithium energy 
source, this IC has a 200-nsec access time, comes in a 
standard 28-pin DIP, and costs $42.90 (100). Thomson 
Components-Mostek Corp added a real-time clock to its 
120-nsec, 2kx8&-bit battery-backed RAM, the 


MK48T02/12(B), which sells for $25.88 (100). Catalyst 
Semiconductor offers a line of nonvolatile CMOS prod- 
ucts, including a 200-nsec, 644-bit static RAM priced 
at $5.65 (100) and a 200-nsec, 256x4-bit static RAM 
that costs $14.87 (100). 


If you need a memory that’s nonvolatile, consider the DS1235 
32k X8-bit memory module from Dallas Semiconductor. This 256k- 
bit RAM features a 200-nsec access time and comes in a standard 
28-pin DIP. 
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Despite the speed advantages that bipolar technolo- 
gy can offer, as circuits become more densely packed, 
the problem of handling the heat that bipolar circuits 
dissipate becomes more acute. As a result, many de- 
signers are willing to sacrifice a small amount of 
performance for a significant decrease in power con- 
sumption, and so they’re turning to CMOS. Further- 
more, designers are building an increasing number of 
battery-backed systems, which adds to the demand for 
low-power components. 

Fortunately, the performance specs for low-power 
MOS static RAMs are beginning to compete favorably 
with bipolar devices. Access time is directly proportion- 
al to the feature size in CMOS TTL-compatible static 
RAMs, and it’s therefore increasingly difficult to reduce 
the access time in increasingly dense TTL memories, 
but Performance Semiconductor has developed a 
256 x4-bit static RAM with submicron (0.8 wm) effec- 
tive channel lengths and a 10-nsec access time. Prices 
range from $5.45 to $12.77 (100). 

Cypress Semiconductor has a 1kx4-bit static RAM, 
the CY7C150, which uses 0.8-4~m channel lengths. It 
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For designs that require 1M bit of reliable static RAM ona DIP, the 
HM91M2, a fully buffered memory module from Harris, features 6-T 
cells for protection against soft errors and radiation. 
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Because transistors are more resistant to 
alpha-particle radiation and temperature 
variations than resistors, 6-T cells are less 
susceptible to soft errors than 4-T cells. 


specs a 15-nsec access time, and it’s 67% faster and has 
a 50% smaller cell and 33% smaller die than a compara- 
ble 1.2-~m static RAM. The CY7C150 is available in 
elther a 24-pin, 300-mil plastic DIP; a 24-pin, 300-mil 
ceramic DIP; or a 28-pin rectangular LCC. Prices for 
the part begin at $29.40 (1000). 

VLSI Technology, in conjunction with VISIC Inc, 
has produced a line of 16k-bit static RAMs with 20-nsec 
access times. The VT20C18 uses 6-T cells for high 
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reliability and low power consumption. Its 2k x8-bit 
organization makes the VT20C18 suitable for use in 
cache memory, writable control stores, and data buf- 
fers. An automatic power-down feature lets the chip 
draw just 7 mA in standby mode. A fast-chip-enable 
option (VT20C19) provides data access in 10 nsec. You 
can also order this chip in 4k x4-bit organizations, with 
or without an output-enable control. Both parts cost 
$21.24 (1000). 
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AMD offers a 4kx4-bit static RAM with a 20-nsec 
access time. The Am99C58’s chip-enable feature auto- 
matically reduces power consumption by 70% when the 
device is in standby mode. Alternatively, you can order 
the Am00C59, which gives you a chip-select access time 
of 10 nsec, for use in multiple arrays and cache memo- 
ries. Available in 24-pin, 300-mil DIPs and 28-pin 
LCCs, both chips cost $24.75 (100). 

If you need a fast 64k-bit memory, consider either the 
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64kx1-bit SR64K1 or the 16kx4-bit SR64K4 CMOS 
static RAMs from Lattice Semiconductor. These de- 
vices spec 35-nsec access times and come in 22-pin 
300-mil DIPs or in LCCs. Pricing begins at $22.26 (100) 
for the SR64K1, and at $44.72 (100) for the SR64K4. 
For even greater speed, you can turn to Motorola’s 
64k x 1-bit MCM6287 and 16kx4-bit MCM6288, which 
spec access times as low as 25 nsec. The devices are 
fabricated from a double-metal, double-polysilicon 
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Recognizing the lengthy development cycles 
that are common among the established 
semiconductor firms, a number of US 
start-ups have rushed into the breach. 


CMOS process using 1.5-wm design features. The 
MCM6287 costs $43.40, and the MCM6288 costs $54.60. 

For byte-wide applications, NEC offers an 8k x8-bit 
CMOS static RAM in a choice of small-outline packages, 
as well as a standard DIP. The pPD4364 is a 64k-bit 
byte-wide memory with a 100-nsec access time and an 
operational power draw at or below 45 mA. The device 
comes in a 28-pin, 600-mil DIP, a skinny 300-mil DIP, or 
a “miniflat” 450-mil package. Another part, the 
uPD4464, is similar to the »PD4364, but it operates 
over —40 to +85°C and specs a 120-nsec access time. In 
sample quantities, the ~PD43864 costs $8 and the 
wPD4464 costs $13. 

Mitsubishi crams even more bits into a 28-pin DIP 
with its 32k x8-bit M5M5256 static RAM. Offered in 70- 
to 150-nsec versions, these chips dissipate 700 mW max. 
The company achieves this level of performance by 
using resistive-load NMOS cells and CMOS peripherals. 
Pricing for the 150-nsec version is $38.50 (100). 


Bipolar maintains performance edge 


Designing with bipolar memories—as opposed to 
MOS RAMs—requires special consideration of speed- 
induced noise problems as well as heat dissipation. 
Although the electronics industry is focusing a great 
deal of attention on the use of surface-mount devices 
(SMDs) to reduce the size, cost, and efficiency of 
circuits, surface-mount technology does not readily 
lend itself to the manufacture of bipolar memories. 
Packing bipolar devices into smaller packages that are 
more densely arranged only causes increased heat, 
inductance problems, and noise. 

A promising alternative to DIPs and SMDs might 


Offering a range of access times from 150 to 100 nsec, Mitsubishi's 
byte-wide, 256k-bit M5M5256 CMOS static RAMs combine high Available in an assortment of packages, Motorola’s family of 


density uith 700 mW of power dissipation. 
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come from a practice known as tape-automated bonding 
(TAB), which will allow manufacturers of bipolar de- 
vices to offer designers a practical way to move these 
components closer together. (For a longer discussion on 
static-RAM packages, see box, “Packages shrink as 
densities increase.”) NEC, a company that has been 
manufacturing ECL TAB parts for internal use over 
the past two years, is willing to field inquiries about 
both ECL and MOS TAB memories, but it isn’t pre- 
pared to announce the commercial availability of these 
devices. Fujitsu, on the other hand, plans to introduce a 
line of ECL TAB static RAMs in the first quarter of 
1987. 

Fujitsu and Hitachi commanded 80% of the $150 
million ECL static-RAM market in 1986. Like the 
market for dynamic RAMs, that of ECL static RAMs 
consists primarily of commodity chips with few differ- 
entiating features. However, the wealth of experience 
enjoyed by these two IC giants has produced some 
interesting solutions to the problems involved in ECL 
design. 

For example, Fujitsu offers a line of SMD static 
RAMs called “flip chips,” which feature a die mounted 
on the top of each package for better cooling. One 
example, Fujitsu’s MB7703H-5CF, offers a 256 x 16-bit 
organization with a 5-nsec access time. To dissipate the 
44%2W it consumes, this device actually incorporates a 
cooling tower in its 60-pin gull-wing flat pack. Prices 
range from $75 to $100 (OEM qty). 

As speed decreases, so does power consumption. 
Fujitsu’s 4k x4-bit MBM10484A-10C consumes 1.35W 
and specs a 10-nsec access time. Available in a DIP, 
LCC, or flat pack, this device costs $47 (1000). 


25-nsec CMOS static RAMs come in 16k- and 64k-bit versions. 
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WSI EPROMs 
Twice as fast as 
the Pack. 

WSI’s family of CMOS EPROMs 
keeps you in the fast lane with 
access times as low as 55 NS, 
leaving systems with wait states in 
the dust. That means you can now 
turbo charge your system. With 
EPROM architectures ranging from 
8K x 8 to 16K x 10. 


WSI RPROMs: Bipolar speed with 
CMOS low power. 

Our unique CMOS high-density 
Reprogrammable PROMs (RPROMs) 
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match the speed of your favorite 
bipolar PROMs. So you can replace 
them with our pin-out compatible 
RPROMs. And get EPROM repro- 
grammability and low power 
consumption as well. 


WSI: Puts you on track fast....... 
reliably. 

Our EPROMs and RPROMs program 
in less than 16 seconds. Plus you 
get 200 MA of latch up protection 
and a minimum of 2000 V of ESD 
protection. So your production 
revs up faster. With more reliable, 
smoother running products. 


Call the WSI team today. 

With this kind of speed and 
reliability, it makes sense to check 
out WSI’s EPROMs and RPROMs. 


CIRCLE NO 105 


So call us at (800) 331-1030, 

ext. 234,orin CA. (800) 323-3939, 
ext. 234. And we’ll get you on the 
road to higher performance today. 
Waferscale Integration, Inc., 

47280 Kato Road, Fremont, 

CA 94538 


2k x 8 CMOS RPROM 
4k x 8 CMOS RPROM 
8k x 8 CMOS RPROM 
8k X 8 CMOS EPROM 
16k x 8 CMOS EPROM 
32k x 8 CMOS EPROM 
4k x 16 CMOS EPROM 
16k x 16 CMOS EPROM 


WS57C191/291 
WS57C43 
WS57C49 
WS57CO4F 
WS57C128F 
WS57C256F 
WS57C65 
WS57C257 


Y/orer/cace 
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Several companies think that the best way 
to improve CMOS static RAMs ts to 
make them nonvolatile. 


Noteworthy among Hitachi’s larger ECL memories mW during operation (10 mW in standby) and sells for 
are two 64k-bit static RAMs. The 64kx1-bit HM6787 $17.50 (OEM qty). 
features a 20-nsec access time, while the 16k x4-bit AMD?’s 10/100480 16k x1-bit ECL memory consumes 
HM6788 allows access in 25 nsec. The HM6787 con- 1.2W and offers a 15-nsec access time. Prices start at 
sumes 180 mW during operation (35 mW in standby) $41.75 (100) for parts in 20-pin ceramic DIPs. For 
and costs $20 (OEM qty). The HM6788 consumes 230 sophisticated drive and interface applications, AMD 


Manufacturers of sta 


For more information on static RA. 
on the Information Retrieval Servie “ 


Advanced Micro Devices ine |. 
Box 3453 

Sunnyvale, CA 94088 
(408) 732-2400 
Circle No 667 


Alliance Semiconductor 
1930 Zanker Rd : 
San Jose, CA 95112 © 
(408) 436-1860 
Circle No 668 


AT&T Technology Sribeme 
1 Oak Way 
Room 42WC106 . 
Berkeley Heights, NJ 07922 | 
(800) 372-2447 
_ Circle No 669 


(408) 980-9144 
Circle No670 


Cypress Semicond 
3901 N Ist St. 
_ San Jose, CA 95134 
(408) 943-2600 
Circle No 671 


| Dallas Semiconductor Corp 
_ 4350 Beltwood Parkway S_ 
Dallas, TX 75244 

(214) 450-0400 

Circle No 672 


_ Dense-Pac Microuyotems inc 

7321 Lincoln Way 

_ Garden Grove, =e 

(714) 898-0007 _ 
_ Circle No673 


Electronic Deion Ine 

soSouthSt sj 
Hopkinton, MA 01748 | 
(617) 435-9077 | 
Circle No 674 


Fairchild Seniconducts 
_ 83 Healdsburg Ave _ 
Healdsburg, CA 95448 
_ (206) 841-6621 
Cirele No 675 
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Mitsubishi Offers 
Fast Access 
For Large Memories. 


~ Tomorrow’s systems require 
ever-increasing performance 
from cache, control store, 
buffer and program memory. 
Committed to meeting these 
requirements, Mitsubishi's 
growing family of CMOS static 
RAMs offers a selection of 
organizations, densities and 
speeds for high performance, 
optimum board density and 
low power dissipation. Real 
choices, with more to come. 
Now, the newest members 
of Mitsubishi’s SRAM family, 
the M5M5187, M5M5188 and 
M5M5256, combine the 
advantages of resistor load 
memory cells with CMOS 
peripheral logic, to give you the 
speed you need at the power 
dissipation you want. 
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‘out with Mitsubishi’s 32K x 8 


Fast SRAM Product Selection Guide 


Access Time Package Types 


Organ- = +s . = 70 85 100 120 150] Plastic © Leadless- Small 

ization ns ns ns ns ns DIP Chip Outline 

Carrier Package 

M5M21C67 ° 20PIN 


MSM5178* =| 8K x8 © 28 PIN e 28 PIN 
(300 mil wide 
& 600 mil wide) 
MSM5179* | 8K x9 © 28 PIN © 28 PIN 
(300 mil 
wide only) 


oduct offering, subject to av 
** Also available in 24 pin version with output shaiie (OE) function. 


You can optimize board lay- Fast solutions for your high 
speed memory applications are 
available today from Mitsubishi. 
For technical data, call or 

write Mitsubishi Electronics 
America, Inc., Semiconductor 
Division, 1050 East Arques 
Avenue, Sunnyvale, CA 94086. 


(408) 730-5900, Ext. 2314. 


organization in both 28 pin 
DIP and small outline pack- 
ages. Additionally, 64K x l and 
16K x 4 organizations are avail- 
able in 22 pin DIP (300 mil) or 


leadless chip carriers. 


MITSUBISHI 
ELECTRONICS 
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Despite the speed advantages offered by h1- 
polar technology, as circuits become more 
densely packed, the problem of heat dissipa- 


tion increases. 


also sells a line of bipolar TTL static RAMs with prices 
ranging from $3 to $25 and organizations varying from 
256X1 bits to 512x9 bits. Memories featuring a x9 
organization include a parity bit for error detection. 


BiMOS combines process technologies 


Several companies are investigating ways to avoid 
the tradeoffs associated with bipolar and CMOS by 
integrating both technologies into one wafer fabrication 
process, which is generally called BiCMOS. This tech- 
nology combines bipolar’s high speed, high drive cur- 
rent, and ECL/TTL-compatibility with CMOS’s low 
power, high complexity, and resistance to soft errors. 

Executing a BiCMOS process in a wafer fabrication 
can involve as many as 26 masking steps—14 steps for 
the bipolar process and 12 for the CMOS. And 26 
masking steps make production too unwieldy, boosting 
costs and slashing yields. However, one company— 
Saratoga Semiconductor—has figured out a way to 
produce a BiCMOS wafer in only 16 masking steps. 
Saratoga’s proprietary self-aligned BiCMOS (SABiC 
IT) process is the basis for this start-up’s entire product 
line, which consists of pin-compatible replacements for 
both bipolar ECL and CMOS TTL static RAMs. The 
company’s first products, introduced last August, in- 
clude four 4k-bit ECL static RAMs. Each specs a 
15-nsec access time, and all parts range in price from 
$14.55 to $19.55 (100). 

Eventually, a process such as BiCMOS may allow 
static RAM manufacturers to attain 1M-bit densities, 
but current high-density monolithic static RAMs offer a 


The cooling tower on this 512 x8-bit static RAM, the MB7700-5 “flip 
chip” from Fujitsu, helps dissipate the 3.6W generated by the 
memory. The part specs a 5-nsec access time. A 10-nsec version 
consumes 3.0W. 
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maximum storage capacity of 256k bits. The more 
complex circuitry that static RAM cells contain put 
static RAMs one generation behind dynamic-RAM ¢a- 
pacities. But manufacturers continue to search for ways 
to shrink IC geometries, improve lithography tech- 
niques, and increase chip density. 

Toshiba offers a 70-nsec CMOS static RAM in a 
32k x8-bit organization with an 85-nsec access time. 
Named the TC55257P, this memory includes a chip- 
enable power-down feature for low standby power con- 
sumption. The TC55257P comes in a 28-pin DIP and 
costs $35 (1000). 

If you really must get 1M bits of memory in a single 
package, multichip memory modules offer a practical 
solution. More reliable than hybrids, modules are easy 
to repair because each chip is individually, hermetically 
sealed once it’s soldered to the ceramic substrate of the 
DIP. Consequently, if one RAM IC should fail, you can 
remove it and replace it with a functional one. 

Dense-Pac Microsystems provides an extensive line 
of static-RAM modules suitable for use in military, 
aerospace, and commercial applications. The DPS41288 
packs 128k x8 bits of CMOS static RAM onto a 600-mil, 
32-pin module. This 1M-bit memory features a 100-nsec 
access time and costs $240 (100). 

Yet another 1M-bit static RAM module offers mili- 
tary-grade reliability. The HM91M2 from Harris Corp 
is a fully buffered CMOS product that uses sixteen 6-T 
8kx8-bit monolithic RAMs, two CMOS octal buffers, 
and two 3:8 decoders. Packaged in LCCs, these 20 ICs 
mount on a multilayered ceramic substrate to form a 
2.66 X 1.3-in., 48-pin module with standard 100-mil cen- 
ters between pins. The 6-T RAMs use little standby 
current, and they protect the module against soft 
errors and radiation. The HM91M2 has an access time 
of 180 nsec. Price range is $2600 to $2900 (100). EDN 
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If reliable computers are 


important to you, imagine 
what they mean to him. 


Our new 6-transistor 883C compliant 8K x 8 static RAMs. 


» Commodity-quality static 
'RAMs can’t cut it in the 
military, but now there's a 
, static CMOS RAM that can: 
‘ Harris’ HM-65642. 
It’s a monolithic 883C certified RAM available 
in volume off-the-shelf, with impressive per- 
formance features... 
¢6-T memory cell for improved cell 
stability, low-temperature data 4 
retention and radiation toler- 4 
ance over our competitors’ 4-T 
designs. 

eLow-power CMOS bene- 
fits, including 100/250ynA 
standby current (ICCSB) 


FOR YOUR INFORMATION, 
OUR NAME IS 


~HARRIS 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


i HARRIS 
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e High speed: 150 ns access time 
e Packaged in 28-pin ceramic DIP or 32-pad 
leadless chip carrier (LCC) 

Our HM-65642 is bred for reliable perfor- 
mance in your toughest micro-based 
systems...in missiles, field-deployed PBXs, 

guidance systems, aircraft computers. 
Available soon in a military drawing. 
. To build more reliable sys- 
tems, start with our HM-65642. 
' For samples or a data sheet, 
. contact: Harris / MHS 
Semiconductor Sales Ltd., 

Eskdale Road, Winnersh, 

Wokingham, Berks, RGI1 

5TR, England. 


DAN EAGLE 


Patines atic Ahead ai a Fs, 


“Here we are, riding treetops, 
doin’ 5-g turns, spins, stalls... 
what a control system.” 


“We can thank 
Harris for that” 


(Tis 
aon & 
a 
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When Performance Counts 


Expandable 55ns 


ual Port CMOS Static RAMs 


New “MASTER/SLAVE” combo Industry's fastest. All four of these Our Static RAM Family 

is the only way to expand eee static RAMs have access times (available now) 

width and elim inate system Cascadable in depth. To 4K, 8K, Worst Case 
deadlock” without incurring a Ee or more. Size P= | Speed 
speed penalty due to extra logic. Low-power and battery backup. 16Ks 

We've led the market with the industry Typically 325mW active and 1mW Re) IDTGIGIA aus 
standard IDT7130 (1Kx8) and the standby, the low-power version permits | 77% alee oe 
IDT7132 (2K x8) “MASTER” dual port battery backup at 200uW from a 2 volt ae relies a 
RAMs. Used in multiprocessor systems, battery. Kx8 IDT6116A 35ns 
they provide fast, asynchronous, simul- Availability. Commercial/military Se ee 
taneous access of a common memory product from stock in 48-pin DIPs oan 

from two totally independent data/ or LCCs. ee a re 
address ports. On chip arbitration logic May we be of assistance: Call or 16K x4 iDT7198"** ae 
resolves conflicts when the | fill in the bingo for a copy of our 16Kx4 IDT71981" 35ns 


addresses match. Technical Note explaining (1) 16Kx4 IDT71982** 35ns 


Now we are introducing how and when to use dual port : 

the IDT7140 (1Kx8) “SLAVE” static RAMs (2) how to avoid a Hebe 

and the IDT7142 (2Kx8) “deadlock” mes os 
x8 IDT7132 MASTER 55ns 

“SLAVE” dual port RAMs which — Also ask for our Product 1Kx8 IDT7140 SLAVE 55ns 

permit width expansion to x16, Selector Guide on high-speed 2Kx8 IDT7142 SLAVE 55ns 

x32 or greater while maintaining CEMOS™ MICROSLICE™ * Separate |/(O—outputs ON at write 

a 55ns access time. All you do . (bit-slice microprocessor — fae 

is add as many SLAVES as you products), Subsystems, Memory oe 

need to one MASTER. Interface Logic, Digital Signal —s Leading the CMOS Future 


Processing Circuits (multipliers, 
MACs, and FIFOs), and one of 
the fastest, broadest lines of 
Static RAMs in the world. 


A SLAVE eliminates catastrophic 
“system deadlock” in width expansion 
encountered when using dual port 
memories. Without a SLAVE you must 
use external logic for address arbitra- 
tion to avoid deadlock—and that causes 
performance degradation. 


Integrated 
Device Technology 


Integrated Device Technology, Inc. Static RAM Division 


3236 Scott Boulevard 
Santa Clara, CA 95054-3090 
(408) 727-6116 
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Harris puts you in control! 
Now you can match your 
system power and performance 

“= to your exact requirements — 
from DC standby to full-speed operation 

— using our static CMOS circuits: 

M 80C86 and 80C88 static CMOS CPUs for 
flexible system design 

M@ Wide selection of CMOS peripheral 
and data communications circuits 

@ Static CMOS memory for low- 
power operation and data 
retention 

M@ Low-power CMOS pro- 
grammable logic 
(HPL™) 

M@ Advanced stan- 
dard cells, featur- 
ing 82CXX LSI 
peripherals. 


Take Control! 


Chart your own course in 
CMOS system power and performance. 


Full-range operation. Their completely 
static CMOS design assures you of stable, 
reliable operation in your toughest applica- 
tions, at all speeds. Our new 82C85 Static Clock 
Controller, for example, gives you total control 
in four distinct low-power modes: fast, slow, 
stop-clock and stop-oscillator. 

Take control now! Get full details on 
Harris static CMOS CPUs, peripherals, 
memories, programmable logic and 
standard cell designs. Contact: 
Harris/MHS Semiconductor 
Sales Ltd., Eskdale Road, 

Winnersh, Wokingham, 
Berks, RGI11l 5TR, 
England. 


FOR YOUR INFORMATION, 
OUR NAME JS 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


HPL is a trademark of Harris Corp. 
Photo courtesy of Sea-Land Service, Inc. 
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Use statistics to 
test Communications 
systems efficiently 


Unless you use statistics, it’s virtually tm- 
possible to determine just how many meas- 
urements are required for an accurate test 
of a system like a telecommunications re- 
cewer. In fact, youre probably testing your 
systems more than you have to. 


R F Cobb, Harris Corp 


If you’re designing a system such as a radar receiver 
that has a statistical spec (probability of detection, 
false-alarm rate, bit-error rate, or mean time between 
failures), you can’t test the system exactly. To deter- 
mine a radar receiver’s exact hit rate, for example, 
you’d have to test the apparatus forever. Fortunately, if 
you run it through just enough trials, you can predict a 
hit rate that closely approximates the exact hit rate. If 
you merely need to know whether or not the radar 
receiver meets a minimum specification, even fewer 
trials are necessary. 

To test a statistical characteristic, you must know 
how many tests you should perform. If your radar 
receiver specs a probability of detection of 0.99, you 
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have a choice of defining the acceptance criterion as 99 
hits in 100 trials, 990 hits in 1000 trials—or as some- 
thing else. Only by using statistics can you determine 
the minimum number of trials that will adequately test 
your system. 

Before you can appraise your testing procedures, 
though, you must master the basic concepts of statistics 
applicable to system testing. If you’re well-versed in 
this area of statistics, you might want to skip directly to 
page 148. 

The number you are seeking is the number of trials 
you need to measure the true value of the mean of your 
samples with acceptable accuracy. The expected value 
of K samples is 


K 


E[X] = % > X; 


i=1 


where X; are the values that you measure. If you 
measure N samples, the mean (wy) of the samples is 


You can use the variance of your measurements to 
determine how close your measured mean is to the true 
mean of your sample. The variance (o”) of a sample is 


143 


the average value of the square of its deviation from the 
mean: 
o” = E[(X —- p)’]. (1) 


By using the expansion properties of E[X] (where A 
is a constant), 


k[X + Y] = E[X] + E[Y] 
E[AX] = AE[X], 


and expanding the square in Eq 1, you can express the 
variance as 


o? = E[X? — 2uX + p?] = E[X?] — 2n E[X] + Ely’) 
= E[X?] — 2u7 + pe’? 


o* = E[X?] — p’. 


You can express the variance of a population of N 
elements as 


(2) 


These equations are exact for finite sample popula- 
tions, but unfortunately systems that have statistical 
specs don’t have finite sample populations: You can 
always perform another test on such a system. The only 
way you can estimate the mean and variance of your 
system is to test a finite number of samples. 

To analyze a population of n samples, you must 
estimate your parameters. The estimate of the mean, 
m, of n independent samples is 


-lyy 
Me %. 


i=1 


This expression doesn’t tell you how accurate the esti- 
mate is. To get a feel for the accuracy of the estimate, 
you can apply the following theorem (Ref 1): 


(3) 


where a,” is the variance of the estimate m of the true 

mean w. The smaller o,” is, the better the estimate. 
Sometimes you know the value of the variance of the 

sample population, o”. For example, radar receivers 
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often use an automatic gain control that keeps o” (the 
noise power) constant. When you know o”, you can 
estimate the mean of the detector output and decide 
whether your system has detected a signal. The mean is 
higher when signal and noise both are present than 
when noise alone is present. Often, however, you don’t 
know the variance, so you must estimate it. If you know 
the value of w for the population you’re testing, then 
you can use Eq 2 to calculate the variance. 

If you don’t know pw (and you usually don’t), you must 
estimate it to calculate the variance. The estimate of 
the variance, s’, is 


1 n 
2 - aga 
n—-1 ao & m)*. 


By expanding the square, you can express the unbiased 
estimator of the variance as 


#= (Ex a(S xy] 


A word of caution is appropriate at this point: Make 
certain that your measurements are independent. The 


(4) 


oS 
a 


Fig 1—The binomial distribution gives the probability of X suc- 
cesses in N trials. The cumulative binomial distribution gives the 
probability of as many as X successes in N trials. The above graph 
results when N=10 and when the probability of success in one trial is 
0.4. 
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simple statistical analysis presented here isn’t meaning- 
ful if the outcome of any trial depends on a previous 
trial. Nonetheless, dependent trials are quite common. 

For example, if you’re testing detection probability 
by sending a series of signal pulses and you space the 
pulses too closely—so closely that filter transient ring- 
ing doesn’t have time to die out—then you’re making 
dependent measurements. Another example of a depen- 
dent measurement is the bit-error probability at the 
output of a receiver with a decoder. The errors often 
occur in bursts and therefore aren’t independent 
events. 


Two probability distributions are key 


If your trials are independent, you’ll be able to plot 
your results in a bell-shaped curve. These results, 
which are probability distributions, usually fit into 
binomial or Gaussian distributions. Tests that can have 
only two results—pass or fail—fit the binomial distribu- 
tion, Pg(X): 


(5) 


Eq 5 is the probability that X successes will occur in 
N trials. The letter p represents the probability of a 
pass, gq represents the probability of failure (q=1—p), 
and nCx represents the binomial coefficient: 


Pp(X) = nCx p* qh™. 


om N! 
Nx XN — X)! 
If you’re testing a radar receiver whose detection 
probability p for a given S/N ratio is 0.9, then q=0.1. 
The probability of X=9 successes in N=10 trials is 


Pp(9) = 10Cy (0.9)? (0.1)' = 0.3874. 


The cumulative binomial distribution gives the proba- 
bility of achieving n hits in N trials: 


P2(X = N).= > nC; p' qh. 


N 
i=0 


The probability of achieving more than A but fewer 
than B hits in N trials is 


P2(A = X = B) = 2D, nC p' qh”. 


B 
i=A 
For the radar receiver with the detection probability 
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If your system has a probability-detection 
spec of 0.99, you have a choice of how to 
define tt. 


of 0.9, the probability of 7 to 9 hits in 10 trials is 
P3(7 = X S 9) = 0.0574 + 0.1937 + 0.3874 = 0.6385. 


Fig 1 plots the binomial distribution and the cumula- 
tive binomial distribution. In this graph, N=10 and 
p=0.4. Once you know the values of N and p, you can 
use the binomial distribution to analyze your test 
results. For a binomial distribution, the mean and 
variance are 


bw = Np 
ao” = Npq = Np(1 — p). 


In Fig 1, the mean is 4, and the variance is 2.4. 


Use recursive techniques 

For small values of N, you can calculate the binomial 
coefficient directly from Eq 5. But if N is too large, 
you won't be able to calculate N!. For example, 69! is 


Fig 2—By translating this flow chart into a computer program, you 
can calculate the binomial and cumulative binomial distributions. 
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See, 


Fig 3—For this Gaussian distribution, the area under the curve 
between any two numbers on the x-axis is the probability that the 
result of a test lies within that range. 


1.71110", which is about as large a number as most 
handheld computers can calculate accurately. 

Eq 5 is the quotient of two factorials, so the binomial 
coefficient can be a small number even when the factori- 
als are enormous. By using recursion techniques, you 
can calculate the binomial coefficient. 

You can express nCx as 


Cy = NWN - X + D! 

NVA X(X - DI(N — X + iD! 
—-X+1 

= (N=) ex. 

You also know that p*=pp*7! and qN-*=(qN-**})/q. 

Using these recursion formulas in Eq 5 gives 


p(x) = N=4+1 (2) Pax ay 


By evaluating Eq 5 for X=0, you can determine that 
P3(0)=q’. To calculate pp(X), you calculate qN and then 
use Eq 6 to work your way in ascending order to any 
value of X. You can find the cumulative binomial distri- 
bution simply by saving each intermediate pz: value. 

The flow chart in Fig 2 documents this recursion 
process. The algorithm works well, unless q% is too 
small for your machine’s range. 

The binomial distribution describes the outcomes of 
tests having only two possible results. However, many 
measurements have an infinite number of possible 
outcomes (for instance, the measurement of noise volt- 
age). The results of multiple trials of such measure- 
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Fig 4—Looking at this graph, you can see that Q(X) changes steeply 
when X>38. 


ments fit the Gaussian distribution. In a set of N trials 
from a binomial population, the possible outcomes are 
zero successes, one success, and so on to N successes. 
The probability of a noninteger number of successes, a 
negative number of successes, or a number of successes 
greater than N is zero. The Gaussian distribution, 
however, is continuous. Any finite range of values has 
some nonzero probability of happening. 

If you perform a large number of tests on a binomial 
population, however, the resulting distribution begins 
to look Gaussian. For example, if N=10,000, then the 
integers are so closely spaced relative to N that the 
distribution begins to look continuous. The advantage 
of using a Gaussian distribution rather than a binomial 
one to model your testing is that you can make calcula- 
tions more easily on the continuous Gaussian distribu- 
tion than on the binomial one. 

After a closer look at the Gaussian distribution, you’ll 
see how to use it to approximate the binomial distribu- 
tion. The Gaussian distribution (Pg) is 


P,(Y) = os exp s | 


To 2c 


The cumulative Gaussian distribution is an integral of 
the Gaussian distribution: 


X 
PCY = x=] P.(Y)dY. 


You rarely use the cumulative Gaussian distribution. 
The Q function, 


Q(X) = PY >X) = 1 - Ph =X) = fi P.(Y)aY, 


EDN January 8, 1987 


which describes the probability that Y will fall above 
the threshold value X, is more common. Fig 3 plots the 
Gaussian distribution and the Q function. 

The mean (yw) and the variance (o”) have the same 
meanings for the Gaussian and the binomial distribu- 
tions. However, the definitions of the mean and the 
variance are quite different for Gaussian and for bino- 
mial distributions. For a Gaussian distribution, the 
mean is 


ae | ~ YPg(Y)dY. 


The definition of the Q function assumes that »=0 
and o=1. If you need to know Q for a variable for which 
#0, oA1, or both, you can normalize the Q function by 
calculating a=(X—p)/o. You can then look up Q(a) in a 
table of Q functions. 


Use a polynomial approximation for Q(X) 


You can’t calculate Q(X) exactly, but you can approxi- 
mate it. The approximation of Q(X) is 


X=0 
Q(X) = Z(X) (BT + BT? + BT? + B,T! + B;T®) 


X <0 
Q(X) = 1 — Z(X) (B,T + BeT* + BT? + B,T* + B;T°), 


where 


1 + px 
p = 0.2316419 
B, = 0.319381530 
Bo = —0.356563782 
B; = 1.781477937 


B, = —1.821255978 
B; = 1.830274429. 


This approximation (Ref 2, Formula 26.2.17) is accu- 
rate to within +10-". Fig 4 shows why this level of 
accuracy is adequate. The Q function is so steep for 
X>3 that even a miniscule error in X causes a large 
error in Q. Because such a small error in X can cause 
such a large error in Q, you can’t ever know Q accurate- 
ly enough to care about a 10 error. 

To analyze statistical tests, you need to know both 
the Q function and Q-'(Y), the inverse Q function. 
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A word of caution: Make certain that your 
measurements are independent. Dependent 
measurements occur more often than you 
might suspect. 


Q-'(Y) gives the value of X for which Y=Q(X). The 
approximation of Q7'(Y) (Ref 2, Formula 26.2.23) is 


X = 0.5 

Ban es Oe GR GR 

QM) = R- Tp pR+ DR? + DR 
X > 0.5 

Co + Ci:R + CR? 


-1 eid Relies A Me, Oa 
2° = TF DR + DR? + DR ~ B- 
where 
1 1/2 
R= Eta) X = 0.5 
R = {1 1 1/2 5 
= 4In eed A > B 
Cy = 2.515517 
C, = 0.802853 
Ce = 0.010328 
D, = 1.432788 
D, = 0.189269 
D; = 0.001308. 


You can use the Q function to approximate the 


PROBABILITY 


Fig 5—The Gaussian distribution and the cumulative Gaussian 
distribution approximate the binomial distribution and cumulative 
binomial distribution, respectively. The approximation works best 
when Npq>8, but in this plot Npq=2.4, and the approximation is 


good. 
pr ne ET Ca oe 
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binomial distribution. Eq 6 gives the binomial distribu- 
tion over a wide range of numbers, but the equation 
fails when q approaches zero. When q% approaches 
zero, the Q function can approximate the binomial 
distribution. 

As Fig 1 shows, the binomial distribution has a 
roughly Gaussian shape. In fact, if you plot a Gaussian 
curve that has p=Np=4 and o=V(Npq)=1.549, you 
can overlap the binomial distribution (Fig 5). The 
binomial distribution exists only for positive integers; 
the Gaussian curve continues below zero. But if w is 
large relative to o, the Gaussian curve approaches zero 
below x=0. 

You can also match the cumulative distributions, but 
you must modify the cumulative binomial distribution: 


P(A <= X'‘= B) = g/ Se" | (7) 


where » and o have the same definitions that you’ve 
been using (Refs 3 and 4). You subtract and add 0.5 
because you're using a continuous function to approxi- 
mate a discrete sum of integers. To approximate a sum 
of integers, you must center your integral over the 
integers. 

You can test the accuracy of this expression by 
comparing the exact cumulative binomial distribution, 

Pp (2 =A = 4) P3(2) +f P3(3) -—- P,(4) 

0.1209 + 0.2150 + 0.2508 
= 0.5867, 


and the Gaussian approximation for the cumulative 
binomial distribution, 


Po@=X=4 = Q(—=)-a(%) 


Oo Co 


= 0.9467 — 0.3734 = 0.5783. 


The approximation differs from the exact expression by 
2.3%. 

The accuracy of the Gaussian approximation for the 
binomial probability varies. If p~0.5, the approxima- 
tion is good because the binomial distribution matches 
the Gaussian curve. If p is near 0 or 1, the binomial 
distribution is skewed. When p is close to 0 or 1, a 
binomial distribution can look like a Gaussian distribu- 
tion only if o is much smaller than w. 
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To evaluate the accuracy of the approximation, calcu- 
late p=Np and o=V(Npq) (Ref 5). If the interval 
+20 lies between 0 and N, then the Gaussian approxi- 
mation for P(N) will be reasonably accurate. 


Statistics aid in 
part estimation, testing 


Once you’re comfortable with the basic concepts of 
statistics necessary for testing systems, you can begin 
your appraisal. First, you must define the objective of 
your test. Tests can have either of two purposes: 
measuring a parameter or evaluating a part. When you 
measure a Statistical parameter, you must perform 
enough tests to feel confident that your measured 
parameter is close to the true parameter. When you 
evaluate a part, you need to perform only enough tests 
to decide whether or not to pass the part. 

In the language of statistics, measuring a parameter 
is called estimation, and evaluating a part is called 
hypothesis testing. Estimation uses the results of a 
number of trials to predict the value of a parameter 
(such as detection probability). In hypothesis testing, a 
smaller number of tests usually suffices to ascertain 
whether a batch or a system is acceptable. 

Estimation and hypothesis testing are similar in that 
they both measure a mean, a variance, or both. As an 
example of estimation, suppose that you want to esti- 
mate the mean of a signal that is constant but is masked 
by noise that has a Gaussian probability distribution. 
Assume that o*=61.0. You measure 61 independent 
samples and find that the mean of the samples is 20. 

Next, you must evaluate the accuracy of your result. 
To measure the accuracy of a statistical test, you 
establish a confidence interval, which is the probability 
that an estimate is within a certain percentage of its 
true value. So, if the mean is 20, you can calculate the 
probability that the sample mean is within +10% of the 
measured mean. 

First, use Eq 3 to find the standard deviation of the 
measurement, o,: 

Co, = V61 = 1.00. 
V61 
The estimate of the mean of a Gaussian signal has a 
Gaussian distribution. You can therefore use a Q func- 
tion to compute the probability that the estimate differs 
from the true mean by more than +10%. In this case, 
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the estimate is 20, so you want to find if the estimate 
and the mean differ by more than +2. 
The probability of exceeding the mean by 2.0 is 


Pe(m > pw + 2c,) = Q(2.0) = 0.023. 


Because a Gaussian distribution is symmetrical about 
its mean, Po((m<p—2.00,,)=0.023, so 


Pc(lm — | < 20,) = 1 — 2 X 0.023 = 0.954. 


You are 95.4% confident that your measurement 
error is less than +10%. Thus, 95.4% of the measure- 
ments done by averaging 61 samples will be within 
+10% of the true mean. 

In the previous example, the variance of the noisy 
signal was known, but usually you don’t know this 
quantity. In general, if you don’t know the mean, you 
also don’t know the variance. If you don’t know the 
variance, you can use Eq 4 to estimate that quantity. 
But when o is uncertain, you must establish a confi- 
dence interval for your value of o. 

If you have to estimate o, you must broaden the 
confidence interval. When you broaden it, you either 
increase the error and hold the confidence level con- 
_ stant or you hold the accuracy of your measurement and 
decrease the confidence level. Student’s t-distribution, 
tabulated in most books on statistics, gives you the 
confidence intervals when o is unknown. For N greater 
than about 50, the broadening isn’t significant. 

If you want to be 99% confident of the accuracy of 
your measurement, you must increase the number of 
samples that you measure. Referring to the previous 
example again, 


ee 20 (2 ) = 0.99, 
Lb 


where »y is the maximum error that you can make in 
estimating the mean and still have 99% confidence in 
your estimate. Using the inverse Q function, you can 
find that 


nlo, = Q (0.005) = 2.576. 


Because n=2.0 and o,=V61/Vn, 


2 eg 
0.776" 


To increase the confidence level from 95 to 99%, you 
must increase the number of trials from 61 to 101. 


n = 101: 
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Tests that can have only two results—pass 
or fau—fit the binomial distribution. 


Often, you don’t need to measure a parameter exact- 
ly. You simply want to know whether a part is accepta- 
ble within certain limits. In these cases, a hypothesis 
test is sufficient because it separates good and bad 
batches or systems. An estimate can take on many 
values, but a hypothesis test must be true or false. In 
such a test, you state a hypothesis about a characteris- 
tic of a population. You assume your hypothesis is true 
until you accumulate results that refute it (Ref 6). 

A hypothesis test requires fewer trials than an esti- 
mate. For example, if a receiver whose bit-error rate 
spec is 10° makes no bit errors in 10‘ trials, you can 
probably pass the receiver. You haven’t tested the 
apparatus enough to know what its actual bit-error rate 
is, but you don’t care because you’re pretty sure you’ve 
met your spec. 

Because the acceptance of the hypothesis is based on 
statistics, you can conduct a hypothesis test incorrectly. 
There are two categories, or types, of errors. Ina Type 
1 error, the hypothesis is true, but you reject it. In a 
Type II error, the hypothesis is false, but you accept it. 

To minimize such errors, you must establish criteria 
for accepting a hypothesis. For example, you can decide 
that if you measure a mean that is within +1.0o0 of the 
desired mean, the hypothesis is true. If the mean is 1.0, 
the probability that your results fall outside +1.00 is. 
0.317. Thus, the probability of making a Type I error, 
a, is 0.317. 

The probability of committing a Type II error, ac- 
cepting a hypothesis when it is false, 8, depends on the 
actual value of the measured parameter. For instance, if 
your hypothesis is that p equals 1.000, but actually p is 
1+.001o0, you will almost certainly accept the hypothe- 
sis. Because the hypothesis is almost true, B equals the 
probability of accepting the hypothesis when it is true: 
B~1l—a. Because a is normally small, B~1. But if in 
actuality w is 1+60, the test results produce an esti- 
mate of the mean that exceeds 1.000, so B is nearly zero. 

An example best illustrates how to use the hypothesis 
test. Suppose you have a radar receiver with a signal- 
detection probability spec, p, of 0.9. You want to pass at 
least 90% of the good receivers, which means that you 
set a equal to 0.1. 

Any set of N trials that has only two possible out- 
comes fits a binomial distribution. If p=0.9, 


bh = Np = 0.9N 
ao, = VNpq = 0.3VN. 


The next step is to calculate the critical value, C. Ina 
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You never perform an infinite number 
of measurements, but you can use the 
Gaussian distribution when you perform 
a large number of tests. 


hypothesis test, if the number of successes falls below 
C, you reject the hypothesis. You choose C so that if the 
hypothesis is true, the probability that the number of 
successes will fall below C is a. In this case, C is the 
minimum number of hits required to pass the receiver. 
The probability of achieving C or more hits when the 
individual hit probability is 0.9 must equal 1—a (0.9 in 
this example). 

Assume that N is large enough that the binomial 
distribution approximates the Gaussian distribution. 
Then, using Eq 7, 


PC =X 50) (#85 | — Q(e) = 0.9. 
a 
Noting that Q(infinity) is zero, substitute for w and o, 
and use the inverse Q function to get 


C.—0:95N ~— 0:5 7 
ee 0.9) = —1.2817 
0.3VN i abs 


C = 0.9N + 0.5 — 0.3845VN. 


If you want to perform N measurements and N=10, 
then C=9.5—1.2=8.3. A receiver that scores nine hits 
in 10 trials should exceed the specification that the 
detection probability is at least 0.9; a receiver that 
scores eight hits in 10 trials should come close to 
meeting the spec. 

As a check on the Gaussian approximation for this 
test, you can evaluate the exact binomial distribution. 


PROBABILITY OF REJECTING Ho (a) 


05 o6 07 #6 0.9 1.0 
DETECTION PROBABILITY 
FASE 


Fig 6—The operating-characteristic function plots the probability 
of accepting the hypothesis that the detection probability=0.9. The 
left-hand scale shows the probability of a Type I error for an actual 
detection probability of less than 0.9; the right-hand scale gives the 
probability of a Type II error. 
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The exact probability that the receiver scores at least 
eight hits in 10 trials is 0.98, slightly better than the 
requirement that a=0.1. The exact result doesn’t agree 
perfectly with the Gaussian approximation, but the two 
results are close. 

You have not yet addressed the effect of Type II 
errors. You can’t just make certain that you pass most 
of the good systems; you also have to be able to reject 
the faulty systems. 

For example, you can calculate that a radar receiver 
with a detection probability of 0.8 has B=0.68—a 68% 
chance of passing. But you want to pass only receivers 
that meet a spec of 0.9. To reduce the chance of Type II 
errors, you may have to decide that your acceptance 
criterion should be nine hits in 10 trials, not eight. 

The operating-characteristic function of the hypothe- 
sis test measures the tradeoffs you must make between 
Type I and Type II errors. The _ operat- 
ing-characteristic function shown in Fig 6 plots the 
probability of a receiver passing the 8-out-of-10 criteri- 
on vs the actual detection probability. It also shows the 
probability of passing the 9-out-of-10 criterion. The 
left-hand scale gives B, the probability of passing a 
defective receiver. The right-hand scale gives a, the 
probability of rejecting a good receiver. 

The better a receiver’s actual performance, the more 
likely it is to pass, but of course you also want to pass 
the receivers that just meet the 0.9 spec. To pass the 
marginal receivers, you may have to pass an 0.8- 
detection-probability receiver occasionally. Fortunate- 
ly, the odds of passing a lemon that has a detection 
probability of 0.5 are less than 10%. 

If your receivers must spec a detection probability of 
at least 0.9, you may have to improve their design so 
that most of them have a detection probability of 0.95. 
According to Fig 6, each receiver then has a 90% chance 
of passing the 9-out-of-10 criterion. 

Of course, instead of redesigning your receivers, you 
can increase the number of trials. If you run 100 trials, 
for example, the acceptance criterion becomes 86 hits. 
A receiver with a detection probability of 0.8 would 
then have less than a 0.03 probability of passing. The 
price for this confidence level is high, however; the 
testing time increases by a factor of 10. 

The cost of testing makes the efficiency of your test 
an important criterion. The average sample number 
(ASN) of a hypothesis test measures efficiency. Espe- 
cially when tests are complex and time-consuming, or 
when you have large numbers of devices to test, you 
must calculate the ASN to judge a test’s efficiency. You 
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See Triplett Technology in a Different Light. 


Versatile Pane 


Triplett announces a revolution in high-tech panel 
instrumentation: innovative, readable LCD bar graphs. 
These exciting panel meters further establish Triplett as the 
worldwide leader in the design and manufacture of panel 
instruments and test equipment. 


Versatile. Computer-compatible panel meters come in 16 
models and 13 modes. The 103-segment bar graphs are 
specifically designed as replacements for the popular 3.5 
and 4.5 inch analog instruments, as well as for new 
installations. 


Advanced. Triplett’s technology offers you panel 
instrumentation that indicates data, high set point, low set 
point, both set points, peak, valley, both peak and valley 
and alternate between data and the six modes of display. 
The bar graphs are highly visible from a distance of 20 feet. 
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Instrumentation 


Colorful, back-lit displays are available in red, green, 
amber or blue. You may also choose any combination of 
these colors. Black on gray is standard. 


Adaptable. Panel meters are available in the ‘‘G’’ Series 
curved display; the ‘‘WS’’ Series curved display and in the 
Edgewise Series, vertical or horizontal with a front or rear 
mount. 


When you are looking for the finest in high-tech panel 
instrumentation, look to Triplett, the Company America 
has trusted for more than 80 years. 


For more information, call 1-800-TRI-PLET ext. 51. 


Circle No 107 For Free Demonstration 


Because such a small error in X can cause 
such a large error in Q, you can’t ever 
know Q accurately enough to care about a 
10°’ error. 


SRAGE NUMBER OF SAMPLES(ASN) 


PROBABILITY 


Fig 7—The average number of trials to complete the 9-out-of-10 
test depends on the true detection probability. The lower the detection 
probability, the shorter the test (because the system fails the test). If 
the detection probability is 0.93 to 0.99, the unit usually passes, but 
you must perform 10 trials to get nine hits. If the detection probabili- 
ty is one, the test always ends in nine trials. 


should select your test so that, for the chosen values of 
a and B, you minimize the ASN. 

Fig 7 shows a curve of the ASN for the 9-out-of-10 
test vs the actual detection probability. The ASN is 


10 
ASN = > iP@), 
i=2 


where P(i) is the probability that you must measure i 
samples to complete the test. The summation goes to 10 
because you have decided that you won’t perform more 
than 10 tests. The sum begins at two because a receiver 
can’t fail unless it misses twice. 

P(i) depends on the probability that you accept the 
receiver, which in turn depends on the actual signal 
detection probability, p. If you accept a receiver, the 
test can’t end in fewer than nine trials. You can there- 
fore simplify your calculation by building a condition 
into P(i) that, when i<9, the receiver has failed. The 
probability of i trials, when i<9, is the probability that 
two misses will occur in i trials. You can express this 
condition as 


P@ = G — 1) p'’ d@ for 2 =i <9: 


P(9) is the probability that either two misses occur in 
nine trials (fail) or zero misses occur in nine trials 
(pass): 


P(9) = 8p'q? + p’. 
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Ten trials are necessary only if you have just one miss in 
the first nine trials: © 


P(10) = 9p*q. 


Fig 7 uses these values of P(i) to find the ASN. You can 
use this procedure to calculate the average sample 
number for any statistical test. EDN 
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Ah, the big idea. Everyone 
has one. But not everyone can 
afford a plotter to plot one on. 
Which got us thinking. What if 
there was an HP quality plotter so 
reasonably priced you could afford 
to hook one up to every PC CAD 
workstation in the office? 

Introducing the HP DraftPro 
Plotter. Now for only $5400 any 


architect, engineer or designer can 
create perfect plots time after time. 


Consider what the DraftPro can do: 
It can draw straight lines, 
smooth arcs and perfectly-formed 
characters. Allon C and D-size 

drafting film, paper or vellum, 
using eight different pen colors. 
Furthermore, it works with 


just about any PC, such as the 
HP Vectra PC and IBM PC's. As 
well as popular PC CAD programs 
like VersaCAD and AutoCAD. 

If the idea of having HP 
reliability with a low price tag 
makes sense to you, call us now. 
For a brochure and sample plot, 
call 1 800 367-4772, Dept. 215H. 

The HP DraftPro Plotter: 
high-quality drafting for only 
$5400.* 


The drawing shown below was produced on the 
HP DraftPro with VersaCAD software. 


Thp HEWLETT 


PACKARD 


HP Vectra PC is a trademark of Hewlett-Packard. IBM PC isa regis- 
tered trademark of International Business Machines. VersaCAD isa 
registered trademark of T & W Systems. AutoCAD is a registered 
trademark of AutoDesk, Inc. *Suggested U.S. list price. 


How to pull off a fantastic 
HP plot for only $5400. 


PG704EM1 


© 1986 Hewlett-Packard Co. 


CIRCLE NO 108 


R 1.3826 


The newsingle line 
You’ll appreciate the design freedom 
we’ ve added to our line—with mass- 

9 terminating AMPMODU MTE con- 


nectors. Receptacles stack side-by-side 


or end-to-end, to take 22-30 AWG wire 
aCross e anywhere on the board with complete 
@ modularity. 


Pre-loaded ~f 
assemblies simplify 47772, 
mass termination. 

Interlocking carrier 

Strips accurately 

locate insulation- 

displacement 

contacts in tooling. 


connector. 


You can also choose polarized or MTE connectors are backed by a Call (717) 780-4400 to find out 
latching receptacles, or special ribbed full range of application tooling, from more. Ask for the AMPMODU MTE 
receptacles that gang into single- and hand and semi-automatic to fully auto- | Connector Desk. AMP Incorporated, 
double-row coupling shrouds. Pin matic, to meet any level of production Harrisburg, PA 17105-3608. 
contact types and shrouded headers you need. AMP and AMPMODU are trademarks of AMP Incorporated. 
round out the wire-to-wire and wire- 


lebanese Deine AAINMAF interconnecting ideas 


Vertical and right- wr a Do it all in two 
angle headers, Pe aa contact sizes— 
receptacles, and = ai 22-26 AWG and 26-30 AWG. 
shrouded housingsg : Dual-beam contacts 
provide modular | _ | . are overstress- 
approach. : “ protected, and feature 
: : post stops for use 
on long posts. 
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We'd like you to compare the 
Honeywell/Disc HDM Series 
Encoders with the competition. 
Because when you consider 
our exceptional high quality, 
long list of standard features, 
and remarkably low cost, you'll 
find there isn’t a higher 
performing, more reasonably 
priced encoder on the market. 

These encoders stand an 
incredibly low .65”. They 
mount on any motor, and are 
available in all three of the 


most popular sizes: 11, 15, & 20. 


Features like integrated 


COMPARE! 


BEFORE YOU MAKE YOUR NEXT ENCODER BUY. 


optoelectronic sensor array 
and a collimated IR/LED light 
source insure high reliability 
and quality. And our laser 
trimmed resistors have 
eliminated the need for 
potentiometers. All passive 
components are surface 
mounted; the sensor array and 
signal processing circuitry are 
bonded to a common .40” 
substrate; and chrome on glass 
code wheels are standard on 
every encoder. How does the 
competition stack up? Take a 
look and see for yourself. 


COMPARISON: Honeywell/Disc HDM Series versus 
in-house produced and other competitive encoders. 


Emitter / Detector Assembly 
Code Wheel, Cable, Cover and Clamp 


Pre-assembled Encoder / Motor 
Combinations 

Resolution (PPR) 

Quantity 1000 pricing 


*Multi vendor buyout 
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DISC-HDM MAKE 
SERIES 


Included 
Included 
Index Low cost option No 


OTHER MODULAR 


YOUR OWN | ENCODER KITS 


Included 
Included 
High cost option 


Included 
Optional* 


Yes No No 


Up to 2500 
$29.50 


Up to 500 
$35.50 


Up to 1000 
$44.30 
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What do all of our standard 
features mean to you? Benefits 
like minimized power consump- 
tion, improved temperature 
Stability, and increased resolu- 
tion. Honeywell/Disc even | 
employs robotic assembly and 
computerized testing to ensure 
the highest level of quality 
control throughout the manu- 
facturing process. But the 
bottom line is unparalleled 
accuracy and reliability, at 
an amazingly low price. Only 
$29.50 each at a quantity 
of 1,000. 

SO go ahead and compare 
our HDM Series Encoders to 
anybody else’s. Then we know 
you'll agree, when it comes to a 
low cost, complete modular 
encoder — there’s simply 
no competition. 


Honeywell 


Disc Instruments Subsidiary 


102 East Baker Street 
Costa Mesa, CA 92626 
(714) 979-5300 
TWX (910) 595-1987 Disc CSMA 
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- Instrumentation amp 
suits wide range of 
circuit designs 


The latest monolithic instrumentation am- 
plifiers (LAs) ease the design of a variety of 
high-input-impedance circuits. Data acqut- 
sition, overvoltage protection, current sens- 
ing, the driving of current loops, program- 
mable gain amplification—all of these 
applications can benefit from LAs’ 1m- 
proved performance specs. 


Rod Burt, Burr-Brown Corp 


Monolithic instrumentation amplifiers (IAs) have made 
significant gains on their discrete counterparts in a 
number of performance categories. A high-speed, fast- 
settling monolithic IA like the INA110, for example, 
proves useful in a wide variety of applications. It’s easy 
to design the external circuitry that helps the device 
meet the stringent reliability requirements of industri- 
al environments, and the speed of the device suits it to 
multiplexing in data-acquisition systems. Other appli- 
cations exemplify the versatility of the new breed of 
monolithic IAs. 

Overvoltages on the inputs of an instrumentation 
amplifier can occur in many industrial applications. Two 
key concerns of a system designer whose products are 
subject to input overvoltages are therefore reliability 
and the maintenance of device accuracies. With the 
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Fig 1—Internal circuitry provides current limiting for the INA110 
as long as the input voltage remains within the supply-voltage range. 
To protect against overvoltage conditions, you should add external 
current limiting resistors (Rs). 


addition of the appropriate components, the INA110 
will meet the requirements for reliability and negligible 
shifting in device parameters. 

The simplified diagram of the INA110 in Fig 1 can 
help you to understand the basics of input overvoltage 
protection. As you can see, D, and D, cannot conduct for 
values of Vin within the supply-voltage range. D, and 
D;, however, can conduct, but the currents flowing out 
of the device are internally limited. The external cur- 
rent-limiting series resistor, Rs, is therefore unneces- 
sary whenever the input voltage remains between the 
supply voltages. 
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More design care is required whenever Vin exceeds 
either supply voltage. Notice that when Vy is 0.6V 
below —Vcc, De and D, conduct without an internal 
current-limiting resistor. When Vjy is 4V above +Vcc, 
the reverse breakdown of all diodes may occur, and 
there is no current limit provided for current through 
D2 or Dy. To protect the device properly, you should 
externally limit input currents to less than 1 mA; that 
is, Rg should be greater than 


Vincmax) ae Voc) 


1mA 


The offset voltage (Vos) and other input-referred 
parameters are directly related to the input FET’s 
gates (D; and D,), and these gates typically break down 
before diodes D; and D, do, so the manufacturer devised 
the following performance test to evaluate the shift in 
the INA110’s parameters that occurs in response to 
overvoltage conditions. Sample units were driven at 
each input with 1 mA ac pk at 60 Hz for 24 hours at 
room temperature, after which guaranteed parameters 
from the product data sheet were tested. The tests 
indicated no significant shifts in those parameters, but 
to guarantee that the device maintains accuracy under 
overvoltage conditions of extended time or at elevated 
temperatures, it’s still good design practice to protect 
the input FET’s gates from breakdown. To do so, you 
add, along with the properly selected series resistor, 
external low-leakage clamp diodes, placed from each 
input to + Vcc. 

Building on these basic design techniques, you can go 


Fig 2—This combination input-filter and overvoltage-protection 
circuit employs a 300-Hz lowpass filter and provides input protection 
from 220V ac. 
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COMMON-MODE GAIN (dB) — GAIN 


FREQUENCY (Hz) 


Fig 3—You can improve the common-mode rejection for worst-case 
mismatches of time constants R,C; and R.C, in the Fig 2 circuit by 
adding a small trimming resistor in series with R, and Rp. 


beyond input protection and provide some form of 
signal conditioning. Fig 2, for example, shows a 300-Hz 
lowpass filter with 220V ac input protection. The 
500-kQ, ’’W resistors provide the required power dissi- 
pation at 220V ac and limit input current into the device 
to 700 pA for a 350V pk input voltage. You should use 
metal-film resistors, because many other resistor types 
exhibit excessive low-frequency noise, which may de- 
grade the circuit’s performance. 

The use of R; and Rz without additional capacitors 
would yield extremely poor common-mode rejection 
(CMR), resulting from unequal capacitances on the 
inputs. You can alleviate the mismatch in input capaci- 
tance through use of shunting capacitor C3. You obtain 
the desired cutoff frequency from the equation 

1 
f(— 3 dB) = : 
2a 2R, x (C3 i 33 


where R,=R, and C,=C;. Input filtering also improves 
the S/N ratio by reducing the thermal noise of R, and 
R2, because the thermal noise (Vy) is a function of 
bandwidth: 


Vn=V4kTR X bandwidth, 


where k is Boltzmann’s constant, T is the 
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Two key concerns of a system desygner whose 
products are subject to input overvoltages 
are reliability and the maintenance of de- 
pice accuracies. 


Fig 4—You can build a multichannel data-acquisition system that has gains of 10 or 100, using the INA110, the SHC'5820 to perform the 
sample-and-hold function, and an MPC800 or MPC801 multiplexer, which settles to within 0.01% in less than 1 psec. 


temperature in degrees Kelvin, and R is the resistance. 

Fig 2’s circuit assumes a cutoff frequency of 300 
Hz—a cutoff frequency used in many transducer appli- 
cations. For practical component tolerances of 1%, C3 
should be much larger than C, and C2 to minimize the 
differences in the time constants RC, and R2C:2. C; and 
C, do improve high-frequency CMR, however, and they 
diminish the familiar problem of RFI rectification, so 
you must make a tradeoff in the ratio of C; to C; in order 
to obtain optimum CMR at both low and high frequen- 
cies. Fig 3 shows CMR and common-mode gain vs 
frequency for worst-case mismatches of values in the 
circuit. You can further improve the circuit’s CMR by 
adding a small trimming resistor in series with R; and 
R, to match time constants RC; and RC, to one 
another. 

The performance of the FET-input monolithic [A in 
this example compares favorably with the performance 
a premium bipolar IA could achieve. The bipolar IA 
would introduce a 5-mV input-referred error, which is 
the product of the input offset current (Ios, 10 nA) and 
the 500-kO resistor; the input-referred error of the 
FET-input IA would be only 12 pV. You could add a Vos 
trimming resistor to the bipolar IA, but such a resistor 
will typically introduce a 3.3-pV/°C offset voltage per 1 
mV trimmed. Consequently, the bipolar device will 
drift in excess of 16 pV/°C, compared with a maximum 
of 2 »V/°C for the FET-input device. 
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The error introduced by flicker noise from the bias 
currents reacting with the 500-kOQ resistor in a bipolar 
IA circuit will be the dominant noise source, whereas 
the FET-input IA has negligible current noise—five to 
10 times lower overall. Ios drift in a bipolar IA further 
degrades performance, showing the necessity of a 
FET-input IA in applications requiring large input 
impedances. 

The speed of the INA110 renders the device suitable 
to the type of high-speed data-acquisition channel 


PGA GAIN SELECT 


Fig 5—You can build a digitally controlled, fast-settling, program- 
mable-gain IA when using the INA110 as a front end for PGA102 


programmable-gain amplifier. 
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SE RNS ne Ne SM ee EE eet ORE Bere 
A look inside the INA110 


The INA110 is a variation of the 
classic 3-op-amp instrumentation 
amplifier (Fig A). Its FET in- 
puts make possible the use of a 
differential-input IA in many 
high-input-impedance applica- 
tions, as described in the main 
text. The speed of this monolith- 
ic IA (Fig B) suits it to fast 
data acquisition with multi- 
plexed inputs, to use in gain 
blocks with high gain-bandwidth 
products, and to other applica- 
tions requiring fast settling or a 
high gain-bandwidth product. 
Pin-strappable gains increase 
the device’s utility in a variety 
of applications. The IA is pin 


INPUT 
*CONNECT TO Re OFFSET 
FOR DESIRED GAIN. ADJUST 


compatible with the AD524/624. 
Cascoding of the input FETs 
results in maximum input bias 
currents of 50 pA, an input im- 
pedance of 2x10”, and a high- 
gain CMR greater than 106 dB. 
Cross-coupling of the input amps 
and careful thermal layout are 
additional factors contributing to 
the INA110’s CMR and de error 
figures. These techniques cancel 
thermal feedback, keeping non- 
linearity below 0.01% with a 
2kQ load. The laser-trimmed 
thin-film resistors help keep gain 
error low with many gain fig- 
ures and imparts a level of temp- 
erature tracking not achievable 


e a ¢ 
OUTPUT 
OFFSET 
ADJUST 


Fig A—The INA110 is a variation of the familiar 3-op-amp IA. The device features 


FET inputs and pin-strappable gains. 
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Fig B—This scope photo shows the large 
signal-step response of the INA110 with a 
gain of 100. The slew rate is 17V/ysec, the 
bandwidth is 470 kHz, and the gain-band- 
width product is 47 MHz. 


with standard discrete compo- 
nents. 

The ability to compensate Vos . 
temperature drift at the wafer 
level allows a FET design to 
achieve bipolar level drifts of 
below 2+(50/gain) wV/°C. Low- 
noise design and processing 
techniques achieve an input-re- 
ferred noise of only 10 nV/WHz, 
which is the same noise level 
you'd see in an JA that contains 
two low-noise OPA111s in the 
front end. | 

The high-speed characteristics 
of the INA110 stem from the use 
of JFETs, rather than conven- 
tional lateral PNPs, as high- 
speed level shifters. A feedback 
scheme affecting both open-loop 
and closed-loop characteristics is 
responsible for the bandwidth’s 
varying only from 2.5 MHz to 
470 kHz as the gain varies from 
1 to 100. For gains of 1, 10, and 
100, the settling times to 0.01% 
of a 20V step are only 5, 3, and 
4 usec, respectively. A slew rate 
of 17V/ysec results in a full-pow- 
er response of 270 kHz. 
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shown in Fig 4. Using a multiplexer that settles to 
within 0.01% in less than 1 psec (such as an MPC800 or 
MPC801), the SHC5320 to perform the sample-and-hold 
function, and the INA110, you can achieve 12-bit acqui- 
sition times of 5 psec with gains of 10 and 100. The 
5-wsec acquisition time translates to a sample rate of 
200 kHz, allowing 12-bit sampling of four audio chan- 
nels. 

The low-level output signal of many transducers 
requires amplification by a factor of 100 for useful 
processing. For an industrial sensing application, a 
single INA110 with a gain of 100 can continuously 
sample more than 150 channels, maintaining a 500-Hz 
bandwidth for each channel and providing the neces- 
sary amplification of the signals. The Vos error, a result 
of the interaction of the input bias current and the 
multiplexer’s on-resistance, is negligible, because the 
input bias current stays at the picoampere level. 


A configuration for programmable gain 


In yet another application, Fig 5 shows the INA110 
coupled with a PGA102 programmable-gain amplifier to 
produce a digitally controlled, fast-settling, program- 
mable-gain IA. You can program gains of 10, 100, and 
1000 with 0.01% settling times of 6, 6, and 12 psec, 
respectively. Gain ranging can increase the output 
voltage (Vour) to within 20 dB of full scale to the next 
stage. When you’re multiplexing many channels with 
different full-scale levels to the input of the IA, it’s 
particularly useful to be able to adjust the amplification 
of each signal in order to increase the dynamic range of 
the circuit. The gain-ranging technique increases the 
dynamic range of the circuit by as much as 40 dB, 
thereby assuring maximum input sensitivity. 

Another application makes use of the common-mode 
voltage to cancel input noise injected into the circuit 
through the input leads. Fig 6 shows an IA with gains 
of 1000 and 10,000 and input-referred noise of 4 
nV/V Hz. In this circuit, Vos is held below 50 pV, and 
two low-noise OPA37 op amps provide 40 dB of differen- 
tial gain. The INA110 performs differential-to-single- 
ended conversion in gains of 10 or 100, resulting in 
respective circuit gains of 1000 or 10,000. The minimum 
de CMR is 108 dB and typically exceeds 120 dB. AC 
CMR is usually a function of the parasitics associated 
with the input lines. Because the bandwidth of the 
common-mode drive point matches the signal band- 
width of 500 kHz, and because the slew rate is above 
11V/psec, an input shield or guard driven by the 
common-mode signal (Vcm) will greatly improve ac 
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Building on some basic design techniques, 


you can go beyond input protection and 
provide some form of sugnal condttining. 


Fig 6—You can use the common-mode drive on this high-gain, 
low-noise IA to improve the circuit’s ac common-mode rejection. 


CMR. The discrete design of this circuit allows you 
access to Vc» for this purpose. (Settling-time considera- 
tions are important for this circuit; see box, “The limit 
of performance: Speed or resolution.”) 


Current sensing in 4- to 20-mA loops 


An instrumentation amp like the INA110 serves in 
current-sensing applications, where a small differential 
voltage of interest (IX Rssnsz) is superimposed upon a 
large common-mode voltage. Fig 7 shows an IA with a 
+100V common-mode range and an input impedance 


100k, 1% 


Fig 7—You divide down the inputs to improve the common-mode 
range of this IA circuit. Doing so allows you to use the IA in such 
applications as current sensing in a current loop, where the signal is 
a small differential voltage impressed upon a large common-mode 


voltage. 
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greater than 100 kQ.. The circuit is well suited to 
receiving a signal on a 4- to 20-mA current loop. If 
Rsense is equal to 500 and the INA110 is set for a gain 
of 100, you obtain a full-scale output of 10V when a 


a current loop. 


20-mA current flows through Rsgnse. The wide com- 
mon-mode range of the circuit accommodates the large 
voltage drops, which can occur in the very long wires of 


LLL ES 


The limit of resolution: Settling time or noise? 


Key concerns in many analog 
applications are not only how 
much resolution is possible, but 
also how long it takes the output 
to reach the desired accuracy in 
response to an input change. 
Manufacturers specify settling 
time as the time it takes the out- 
put to reach the desired accura- 
cy, or error band, after an in- 
put-voltage step. In many 
applications, however, settling 
time is not the only specification 
of concern. 

The reason? The industry- 
standard method for testing set- 
tling time may not match the 
user’s application. The test uses 
a periodic waveform and aver- 
ages out noise by averaging 
samples over many periods. This 
technique gives a figure for the 
settling time that’s independent 
of the noise level. For applica- 
tions with nonperiodic signals— 
for example, when an instru- 


ment is looking at a single event 
—you must also consider the 


output-noise level when comput- | 


ing settling times. 


Compare noise to error band 


To determine if the output- 
noise level is a problem, you 
should make a comparison of the 
error band to that output-noise 
level. The peak output noise is 
equal to a factor of 3 multiplied 
by the product of the input 
noise, the gain, and the square 
root of the noise bandwidth, 
where the noise bandwidth is 
the effective bandwidth of the 
amplifier’s input noise. For most 
instrumentation amplifiers, the 
noise bandwidth closely approxi- 
mates the small signal band- 
width multiplied by 1.57. If the 
output-noise level is higher than 
the error band, then you must 
filter or average the output to 
reduce the noise bandwidth and 


achieve the desired resolution. 
In a case such as this one, the 
required filtering, and not the 


settling time of the amplifier, 


determines the system speed. In 
Table A you will find maximum 
noise bandwidths for various in- 
put-noise levels, gains, and de- 
sired resolutions for a 20V full- 
scale output. | 

The chart shows that for high 
gain or high resolution, the in- 
put-referred noise becomes the 
key concern for a fast-settling 
amplifier. Although low noise is — 
rare in FET-input designs, the 
INA110 specs an input-referred 
noise level of only 10 nV/V Hz, 
allowing 12-bit resolution with 
gains to 100 and settling times of 
5 sec or less. For those applica- 
tions requiring even lower noise, 
you can use a discrete design 
that employs bipolar input 
OPA37s, like the one described 
in the main text (see Fig 6). 


TABLE A—MAXIMUM NOISE BANDWIDTH WITH RESPECT TO INPUT NOISE, 


INPUT-REFERRED NOISE 
(nV/./Hz ) 
4 
10 
16 
4 
10 
16 
4 
10 
16 


GAIN, AND RESOLUTION 


MAXIMUM NOISE BANDWIDTH (Hz) 
ns | eens ee 


1.6M 
260k 


100k* 
16k* 
2.6k* 
1.0k* 
160* 
26* 
10* 


* AN AMPLIFIER WITH A 0.01% SETTLING TIME OF 5 u.SEC AND A 0.001% SETTLING TIME OF 10 »uSEC WILL BE LIMITED BY THE TIME 
REQUIRED TO LIMIT THE NOISE BANDWIDTH TO THE VALUE SHOWN. 
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VREeF 


lout = Vin: GAIN - (sb. 


Fig 8—This voltage-to-current converter uses the INA110, two 
resistors, and a current-boosting transistor to provide the current for 
a 20-mA current loop. 


The common-mode range of the circuit extends to 
+100V when you divide down both input signals by a 
factor of 10. The circuit also attenuates the differential 
signal by 10, so 


IA gain 


Vour = I X Rgensr X 10 


Common-mode error results from mismatches in the 
input attenuators, but you can trim these errors with 
the 500-kO potentiometer connected between the atten- 
uators and common. Rsggnsr also creates a CMR error, 
which you can cancel by adding a resistor of equal value 
in series with the 100-kO resistor in the positive input, 
or by trimming the 500-k0 potentiometer. To condition 
the inputs, you can add input filtering at the inputs of 
the IA using techniques similar to those described 
earlier. 


Converting voltage to current 


The current-loop mode of data transmission is very 
popular in many harsh environments, where differen- 
tial inputs are required for common-mode rejection of 
noise as well as for detection of a small differential 
signal on top of a large common-mode signal. You can 
use an IA as the front end in the voltage-to-current 
converter that’s required in current-loop applications. 
Fig 8 shows how you can build a complete differential 
voltage-input and current-output circuit with only two 
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The performance of the FET-input mono- 
lithic LA compares favorably with the per- 
formance a premium lipolar LA could 
achteve. 


precision resistors, a current-boosting transistor, and 
an IA. The IA creates a voltage equal to VinXgain 
between Vgensr and Vrer, causing output current (Iour) 
to flow as determined by the equation 


Jour = (Vin X gain) + oa 

where the 10 kO is the input impedance of the reference 
point. R» cancels errors resulting from the voltage 
difference between Ver and the internal common-mode 
voltage. R, must therefore match R; to maintain a high 
output impedance. The current-boosting transistor in- 
side the feedback loop keeps the high power dissipation 
off the chip and lowers the output current of the IA to 
the rated level for guaranteed de performance. The 
sense point closes the feedback loop and allows you to 
put the power-boosting function inside the feedback 


loop, where errors are divided down by the loop gain of 


1,000,000. The 1-kQ resistor from the base to the 
emitter of the current-boosting transistor forms a re- 
turn path for current out of the reference and sense 
terminals when Iour 1s zero. 

When R; and R; are equal to 50.250, you obtain a 0- 
to 20-mA Iour for a VinX gain product within the range 
0 to 1V. The voltage at the Vrrr point may be between 
+10V and —10V, which allows for voltage drops along a 
current loop. EDR 
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Rod Burt is a design engineer with 
Burr-Brown’s Analog Div (Tuscon, 
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components. Rod attended the Univer- 
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Wyse takes the high cost 
out of high resolution. 


At $999, the WY-700 Graphics Subsystem 
is easily affordable. And its 1280x800 
resolution makes the best of software 


A888, 06.8288 


- Layer 8 Ortho Soap 


Wyse raises the standards for 
high resolution graphics, while 
lowering the cost. 

Now you can have high 
resolution and full IBM soft- 
ware compatibility. 

So Desktop publishing 
applications can get the screen 
treatment they deserve. You 
can run spreadsheets like Lotus 
1-2-3 with four times 
more data displayed on 
the screen. Computer- 
Aided Design packages 
can deliver their full 
potential. And Graphics- 
based pc environments 
finally have the high res- 
olution they were made for. 


WYSE is a registered trademark of Wyse Technology. WY-700 and the “V” shaped design are trademarks of Wyse Technology. © 1986 Wyse Technology. 
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You can do it all on the 
WY-700. A complete system, 
monitor and board, for just $999. 
With a large 15-inch display, 
full tilt and swivel, and a crisp 
1280 x 800 pixel resolution. 

The WY-700. It’s your best 
solution for high resolution. 

Write Wyse Technology, 
Attention: Marcom Dept. 700, 


i 


CIRCLE NO 112 


packages like these: 
DESKTOP PUBLISHING COMPUTER-AIDED 
Ventura Publisher DESIGN 
PageMaker/PC AutoCAD 
Frontpage Cadvance 
DeskSet In-A-Vision 
Pagemaster Generic CADD 
Rim System VersaCAD ADVANCED 
Compound Document Workview 
Processor Procad PC 
Display Ad Make-up P-CAD Systems 
System 
Advan tex GRAPHIC SYSTEM TOOLS 
MS-Windows 
GENERAL PC SOFTWARE GEM 
Lotus 1-2-3 MetaWindows 
Symphony HALO 
PC-Paintbrush KEE PC 


3971 N. First Street, San Jose, 
CA 95134. Or call toll-free, today, 
for more information. 


Call 1-800-GET-WYSE 


WYSE 


YOU NEVER REGRET A WYSE DECISION. 
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Interface 


your PC to 
the Multibus 


Even if you don’t have a full set of develop- 


ment software for your Multibus system, 
you can still test your Multibus products: 
A hardware interface between an IBM 
PC and a Multibus system will let you 
run your Multibus test programs on the 
IBM PC. 


William H Robertson, KLA Instruments Corp 


It’s not uncommon to find that the software tools you 
need for developing and testing a product are either not 
commercially available or, if available, are prohibitively 
expensive. This situation is particularly likely to arise 
when you're dealing with MIL-STD-1750A hardware, 
but it can arise when you're using Multibus and VME 
Bus products, too. An IBM PC or compatible machine 
ean offer a possible solution, provided that you can 
make your PC communicate directly with the product 
youre developing. 

For example, suppose that you need to develop diag- 
nostic programs to verify a variety of Multibus memory 
and I/O boards, but you have software-development 
tools only for the IBM PC. By implementing a hard- 
ware interface between your PC and a Multibus expan- 
sion chassis, you can use programs residing on the PC 
to control and exercise your Multibus boards. 

To develop such a bus-conversion interface, you must 
first understand exactly what functions the interface 
must provide. The ideal bus interface is transparent to 
the host system: The host should perceive no difference 
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ADDRESS SPACE FUNCTION 
(HEX) 
00000 7 
| [| RAMON 
SYSTEM 
MOTHER BOARD 
40000 
RAM EXPANSION 
IN SYSTEM CARD 
SLOTS 
OFFFF a 
A0000 
B0000 y MONOCHROME 
_| f ADAPTER 
B8000 | COLOR-GRAPHICS 
| / CARD 
BCOO0O oes Se 
| = =sOlUseD”— 
BFFFF _..siéiié#...OW 
C0000 
sana BES ao | _| 7? ROM EXPANSION 
EFFFF 
FO000 | RESERVED ROM 
F4000 
} SPARE ROM 
F6000 
BASIC INTERPRETER 
FEOOO Fo ) 
7 eves = = | Bios ROM 
FFFFF __ ss. 


Fig 1—The IBM PC can address as many as 1M bytes of memory, 
but it reserves many areas of the total space for its own use. You can 
expand onboard memory to as many as 640k bytes. 
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Software 


other 8-bit support. The software you already own will run 
six times faster on an [BM AT than on your MDS230. 


How does it work? Access II creates an ISIS environment on a 


single card that plugs into your IBM PC. The ACCESS II software 
simulates the ISIS calls so that you can run standard, unmodified 
ISIS software. You can map the ISIS device names to a PC-DOS 
directory, gaining the full power of tree-structured directories in 
PC-DOS. 


Genesis supports 16-Bit software too! We can supply you with 
complete 16-bit development solutions. Transfer your 16-bit Intel 
MDS software using ACCESS 86™ Run PL/M-86, FORTRAN, PASCAL, 


ASM86, C86, and other Intel software that you already own or buy it 


g for you at the end of c ur t 


at (415) 964-9001. 


~ Genesis” 


Microsystems 
196 Castro Street, Mountain View, CA 94041 


(415) 964-9001 — Telex: 4998093 GENMS UI 


ACCESS, ACCESS Il, ACCESS 86, Genesis, GeneLink, GeneScope and GeneScope Target are trademarks of Genesis Microsystems Corporation. IBM and AT are trademarks of IBM Corp. Intel is a trademark of Intel Corp. 
INTERNATIONAL DISTRIBUTORS: Instrumatic: Deutschland—Munchen. Tel: 089/85 802-0> Espafha—Madrid, Tel: 1/455 81 12 - Schweiz—Ziirich, Tel: 1/723 14 10—Genéeve. Tel: 022/36 08 30 
* United Kingdom—Marlow/Bucks, Tel: (06284) 4426 - Denmark—K6ébenhavn: Adcom Data, Tel: 45-1-194466 - France—Rueil-Malmaison: ISSI, Tel: 47 51 18 45 « Italia—Milano: Winline, Tel: 1/455 81 12 
- lsrael—Tel-Aviv: Miltron, Tel: 03700041, 495 898 - Singapore—Berkeley Trading Ent., Tel: 3387610- Australia—Oakleigh: Datac Digital Syst., Tel: 03 568 6922 
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You can use a simple PC bus extender to 


pass data, address, and control signals to 
more complex bus converters for the Multi- 
bus, VME Bus, and other standard buses. 


between an access to its own internal memory or I/O 
space, and an access to memory or I/O that is resident 
on the external bus. The bus interface between the two 
systems should provide all protocol-handling functions, 
such as signal timing and additional wait states; similar- 
ly, the host should be able to perform all I/O accesses, 
interrupt servicing, and DMA operations for both sys- 
tems in exactly the same manner. Depending on your 
application, therefore, the interface may have to pro- 
vide address mapping for memory or I/O addresses on 
the external bus that are inaccessible to the host or that 
duplicate addresses needed by the host for other func- 
tions. 

Keep in mind that not every application will allow for 
a completely transparent interface. A transparent in- 
terface won’t be possible, for example, when the host 
bus is a high-speed bus with no facility for slow data 
transfers, or when you're interfacing an 8-bit data bus 
to a 32-bit data bus that doesn’t provide facilities for 
byte-wide data transfers. Neither will a transparent 
interface be possible when the external bus has a 
memory or I/O space that’s larger than the host can 
support. 


TABLE 1—I/O MAP FOR THE IBM PC 
HEX RANGE 


000-00F 
020-021 
040-043 
060-063 
080-083 
OAX 
O0CX 
OEX 
200-20F 
210-217 
220-24F 
278-27F 
2C0-2DF 
2F0-2F7 
2F8-2FF 
300-30F 
310-31F 
320-32F 
378-37F 
380-38C 
380-389 
3A0-3A9 
3B0-3BF 
3C0-3CF 
3D0-3DF 
3E0-3E7 
3F0-3F7 
3F8-3FF 
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DMA 8237A-5 

INTERRUPT 8259A 

TIMER 8253-5 

PPI 8255A-5 

DMA PAGE REGISTERS 

NMI MASK REGISTER 
RESERVED 

RESERVED 

GAME CONTROL 
EXPANSION UNIT 
RESERVED 

RESERVED 

AST “SUPER PAK” CARD 
RESERVED 

ASYNCH COMM (SECONDARY) 
MM58274 REAL-TIME CLOCK 
OTHER PROTOTYPE CARDS 
FIXED DISK 

PRINTER 

SDLC COMM 

BS COMM (SECONDARY) 
BS COMM (PRIMARY) 

IBM MONOCHROME DISPLAY/PRINTER 
RESERVED 


~ COLOR/GRAPHICS 


RESERVED 
DISKETTE 
ASYNCH COMM (PRIMARY) 


Nontransparent operations involve knowledge of the 
external bus; you’ll need to arrange for special facilities 
to perform these operations. Such special facilities 
might consist of software drivers and additional bus- 
conversion logic to handle all external bus communica- 
tion. For example, if the external bus has a larger 


memory-address space than the host does, you can 
Text continued on pg 172 
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ACCESS 
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PC 20 


ADDRESS MULTIBUS 


REMAPPING ADDRESS 
MULTIBUS 
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MEMW 
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lIOWR 
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Fig 2—The PC/Multibus converter board remaps addresses gener- 
ated by the PC to appropriate Multibus addresses. The board has 
separate remapping facilities for memory addresses and I/O ad- 
dresses. It can also add PC wait states in order to make the 
data-transfer speeds of the two systems match. 
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Fig 3—The PC bus extender consists mainly of line drivers and receivers that allow you to extend data, address, and control lines by several 
feet without introducing noise. They also protect the PC against possible damage from malfunctions in the external equipment. 


170 EDN January 8, 1987 


BUS-EXTENSION PORT 
J; 


IBM PC BUS 
A 


AEN 


CLK | 
GND 

GND 

GND 

RESET GND 
GND 

GND GND 


DATA-BUS 
TRANSCEIVER 


BUS_ENB 


52 74LS125 RP, 


MBUS_INT 


ICs RP, 
74LS09 , 74LS04 1k 
= 2 
1O_CH 3 oe 
_RDY 2 MB_IO_CH_RDY 


EDN January 8, 1987 171 


The ideal bus converter is completely trans- 


parent to the host PC, but the time and 
cost constratnis of such a design may force 
you to make tradeoffs. 


address all of the external memory by adding a memo- 
ry-page register to the bus-interface logic and by ar- 
ranging for software routines to load the high-order 
address bits into this register. 

Even if your application does allow you to develop a 
completely transparent interface, the cost of the neces- 
sary hardware and the inconvenience of any special 
handling techniques may be prohibitive. The tradeoffs 
you'll have to make will depend on your application as 
well as on the two buses you’re using. Your application 
will determine the memory and I/O space needed, the 
mapping of logical to physical addresses, the number of 
interrupt levels (if any), and the transfer speed. From 
this information, you'll have to establish the relative 
costs of interface transparency and special handling. 


The Multibus is faster than the IBM PC bus 


Before developing your hardware interface, you must 
consider the architectures of the systems for which each 
bus is designed. The PC bus has an 8-bit data bus, and 
it allows you to address as much as 1M byte of memory. 
However, various sections of the PC’s memory map are 
reserved for special purposes (Fig 1). The PC uses the 
same data and address lines for I/O transfers, but it 
decodes only the 10 least significant address lines, so 
you can address only 1024 I/O locations. Of these, the 
lower 512 locations are reserved for the PC mother 
board and can’t be used by devices plugged into the 
expansion-card slots. The upper 512 locations are re- 
served for devices in the card slots (Table 1). The I/O 
capabilities of the PC include DMA transfers and inter- 
rupt handling. (For complete details of the PC’s capabil- 
ities and timing requirements, refer to the IBM PC 
Hardware Technical Reference Manual.) 

The Multibus has a 16-bit data bus, and it permits you 
to address as much as 1M byte of memory. Memory 
transfers can be byte-wide (as in the PC) or word-wide 
(16-bit) transfers. The address lines are common to both 
I/O- and memory-transfer operations, but Multibus 
systems decode 16 bits of an I/O address, so 65,536 
locations are available. The timing requirements of the 
Multibus are relatively simple and present few prob- 
lems when youre interfacing the Multibus to the slower 
PC bus. (Refer to the Intel Multibus Specification for 
complete details of the Multibus.) 

The PC-to-Multibus hardware interface described in 
this article is transparent to the host system (the PC). 
It can address any memory locations on the Multibus 
that are not already resident on or reserved by the PC. 
(In this implementation, PC addresses 80000gEx 
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through 9F FFF yrx are available.) The interface circuit- 


ry converts these logical memory addresses to physical 


Multibus addresses. However, memory addresses must 
be remapped on 64k-byte boundaries only. For exam- 
ple, if you have two separate 64k-byte blocks (or a 
contiguous block of 128k bytes) of unused memory 
space in the PC, you can dedicate this space as logical 
address space for the Multibus memory. Each such 
block must start on a 64k-byte boundary (an address 
ending in 0000nkEx). 

Memory transfers take place one byte at a time. You 
can use the full 16-bit Multibus I/O address space, and 
you can remap any unused PC I/O address location to 
any Multibus I/O location you wish; you are limited only 
by the number of free PC I/O address locations. I/O 
data transfers are also performed one byte at a time. 

The interface circuitry allows you to use all of the 
eight levels of non-bus-vectored interrupts permitted 
by the Multibus, but it doesn’t provide for DMA trans- 
fers or multiple bus masters. The complete interface 
consists of two boards connected by a ribbon cable. One 
board, the PC bus extender, is responsible for buffering 
and isolating all PC bus signals passing over the ribbon 
cable. The other board is the PC/Multibus converter 
(Fig 2). The PC bus extender resides in the PC’s 
chassis, and the PC/Multibus converter resides in the 
Multibus chassis. Dividing up the conversion system in 
this manner allows you to connect a single, general- 
purpose PC bus extender to converters for a variety of 
buses without making any changes to the PC bus 
extender. 


Remap memory and I/O addresses separately 

The PC bus-extender circuitry (Fig 3) is simple; the 
PC/Multibus converter circuitry (Fig 4) is more com- 
plex. All the lines carrying signals from the extender 
are terminated by pullup resistors located in in-line 
resistor packages (RPs), which reduce noise. Addresses 
generated by the PC, and buffered in the extender, 
enter the converter on lines ADDRo».13 at connector Jj. 

During a memory access, the upper four bits of the 
address are applied to four inputs of IC,, a look-up 
PROM (Fig 5). This PROM contains a look-up table that 
remaps the logical PC memory address for a 64k-byte 
segment to the appropriate physical Multibus address. 
The lower 16 bits of the address remain unchanged. For 
example, to remap memory addresses A0000urx 
through AFFFFyex on the PC to E0000gex through 
EF FFF yex on the Multibus, the PROM simply remaps 
segment Axex to Eurex. This scheme keeps the circuitry 
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Fig 4—The PC/Multibus converter buffers and terminates all signals that enter and leave it by way of the ribbon cable. 
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Fig 5—The PC/Multibus converter remaps memory and I/O addresses separately before passing them to the Multibus equipment. IC, 
remaps memory addresses in blocks of 64k bytes. IC;, IC;, and ICs generate a 16-bit Multibus I/O address from a 9-bit PC I/O address. 
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Fig 6—You can expand the Multibus address space by using a single 
PC I/O location to select one of several banks of Multibus I/O 
addresses, into which you can remap standard PC I/O addresses. 


simple. If you want to remap areas smaller than 64k 
bytes, you'll have to present more address lines to the 
look-up PROM. 

During an I/O access, the buffered PC address that 
appears on lines PC_ADDRo-s is remapped to a physical 
Multibus address by I/O-mapping PROMs IC;, IC7, and 
ICs. To ensure that this 9-bit address (which corre- 
sponds to one of the 512 PC I/O locations) is a valid 
off-board I/O location, you gate the address with 
PC_ADDRg». This method allows you to remap any 
unused PC I/O address to any Multibus I/O address. 

For example, during an I/O write operation, the PC 
address enters the I/O-mapping PROMs. The PROM 
location corresponding to the PC address contains the 
Multibus address. You need three PROMs in order to 
obtain the full 16-bit Multibus I/O address and the 
IO_EXT signal. The IO_EXT signal indicates that the 
current address is to be remapped to a Multibus ad- 
dress. You perform this remapping by simply program- 
ming the PROM with a zero in every location that 
corresponds to an address to be remapped. You should 
program the PROMs to generate an unused address (for 
example, FF FF yex) whenever the address presented to 
the remapping PROMs is not valid. 

If your application requires more I/O space than the 
PC can provide, you'll need to expand the PC’s I/O 
space by using the six remaining high-order address 
bits (bits 10 to 15) and one or more of the unused 
locations within the I/O space. This scheme allows each 
unused I/O location to select a bank of 64 extended I/O 
addresses. The high-order address bits select a location 
within the bank. Fig 6 shows how to add 256 Multibus 
I/O locations by using four unused PC I/O locations. 

The PC/Multibus converter provides two sets of 
Multibus address drivers: memory-address drivers and 
I/O-address drivers. In the converter, IC, gates the 


IORD and IOWR signals with AEN (Fig 7). When a 
Text continued on pg 178 
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Fig 7—The PC/Multibus converter provides a bidirectional data transceiver and converts PC control signals to their Multibus equivalents. 
The converter OR-combines Multibus interrupt requests and generates a single PC interrupt request. PC software must poll the Multibus 
devices to determine the source of the interrupt. 
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NEW IDEAS FROM TRACK 


Low cost PCB Interconnect 
Verifier is 10 times faster 
than buzzing methods. 


CIRCLE NO 114 


Unique, cost effective, reusable DIP packages with an 
array of 7 to 48 LEDs plug into prototype wire wrap 
boards and pre-production PCBs for fast, accurate 
verification of interconnects. Easy to use. Substantially 
reduce expensive labor costs. Immediate shipment 
from stock. 

Call or write for literature. 


TRACK EQUIPMENT An Entec Company 


30 Daniel Webster Highway 
Merrimack, New Hampshire 03054 


(603) 882-7743 
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DMA operation is in progress, AEN goes active and 
disables IORD and IOWR. 

Your hardware interface must be capable of recogniz- 
ing a read access to the Multibus, so that it can enable 
the data-bus drivers (IC,; on the converter and IC, on 
the extender). The address-mapping PROMs recognize 
accesses to the Multibus. These PROMs are pro- 
grammed to remap valid addresses and generate an 
active-low address-valid signal, MEM_EXT or 
IO_EXT. During an I/O read for example, the signal 
IO_EXT goes low, PC address bit 9 is high, and IORD 
is low, indicating an I/O read from the Multibus. [Cz 
(Fig 5) combines these signals to reverse the data path 
through IC;, (Fig 7) by setting BUS_ENB_RD low, 
and thus drives data from the Multibus onto the PC 
bus. 

ICis (Fig 7) combines signals from any of the eight 
Multibus interrupt lines; you should connect the resul- 
tant MBUS_INT signal to an unused PC interrupt- 
request channel, such as IRQ:, by means of the jumper 
pads on the extender board (Fig 3). When a Multibus 
interrupt occurs, it generates an interrupt request to 


‘the PC. The PC can determine the source of the 


interrupt by querying each interrupting device on the 
Multibus. 

The Multibus transfer-acknowledge signal, XACK, 
controls the PC’ I/O-channel-ready _ signal 
(IO_CH_RDY) for slow data transfers. During any 
Multibus transfer, XACK is driven high when the 
transfer cycle begins. When the transfer is complete, 
XACK goes low and remains low until the I/O or 
memory read/write signal is released. XACK then 
returns high. To interface XACK to the PC, you hold 
IO_CH_RDY low on a Multibus transfer while X ACK is 
high, thereby adding PC wait states until XACK goes 
low, which indicates that the transfer is complete. EDN 
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“VMEbus boards are just too 
damned expensive’” 
Tom Andersen 
CEO; SBE: Inc, 


New price/performance for VME. 
If you're building VMEbus systems, 
or thinking about moving up to 

VMEbus systems, this is good news: 
SBE is entering the VMEbus market- 
place with two new boards. And new 


price/performance standards for 
the industry. 


SBE VCOM-8. A 10 MHz, 
MC68000-based communication 
board with eight RS-232-C serial 
ports. VCOM-8 is designed to handle 
data transfer rates up to 38.4K baud 
and to take over many of the tasks 
usually handled by the host operating 
system. VCOM-8 can function as 
either a terminal cluster controller 
for small to large systems, or, as a 
data concentrator for VMEbus 
systems. What's more, it’s one of 
the few VME boards to fully meet 
the VME C.1 spec. The price? $795 
in 100’s. 

SBE VMEM-4. 4 Megabytes of 
dynamic RAM for VME. At a price 
that’s more than simply competitive. 
This new VME memory board from 
SBE works equally well with 16-bit 
and 32-bit processors and supports 


ere bringing down 
Oving up 


8-bit, 16-bit and 32-bit aligned 
transfers. Plus, 32-bit unaligned 
transfers that free programmers fron 
boundary alignments, greatly 
simplifying program design. A note 
on price: Presently, 256K RAM 
prices are extremely volatile. We're 
quoting stable bare-board prices 
plus RAM at our lowest spot price. 
Call for quotes. 


Aggressive volume discounts. 
When it comes to “build-or-buy,” 
you'll find that SBE lowers the “build’ 
boundary. Our experience in the 
manufacture of board-level products 
and tight in-plant cost controls allow 
us to remain a competitive supplier 
well into your volume production. 


Better support. Our hardware and 
software engineers work with you 
to build better systems on better 
schedules. And we deliver within 
30 days ARO. 


No compromises. That’s our 
company policy. No compromise in 
engineering design. No compromise 
in software support. No compromise 
in price/performance ratio. That’s 
been our policy in Multibus boards. 
And now, it’s our policy in VME. 


Thinking VME? Call us. Today, 
we're your source for high perform- 
ance VMEbus memory and com- 
munication boards. At highly 
competitive prices. Tomorrow, we 
could be your strategic partner 

in the design and implementation of 
next-generation VMEbus systems. 


SBE, Inc. is a public company traded on the NASDAQ National Market System 
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CIRCLE NO 117 


SBE we 


MICROCOMPUTER BOAHDS AND SYSTEMS 


2400 Bisso Lane, Concord, CA 94520 
Toll Free: (800) 221-6458 

In Calif.: (800) 328-9900 

TWX: 910-366-2116 (SBE CNCD) 
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Five Reasons 


to Buy Your LCDs 
from Hitachi: 


1. Hitachi has the broadest 4. Hitachi products have 
product line. Everything from unsurpassed quality and 
8-characterby-1 line displays to reliability. Hitachi LCDs are 
giant 640-by-400 pixel graphic subject to 16 separate inspec- 
displays, many with backlight tions, including two 100% 
capabilities. And, new products dynamic tests. Just ask any 

are being introduced all the time. Hitachi customer about our QC. 
2. Hitachi has more LCD design 5. The display is the single 
experience than anybody else. most visible component in your 
Singlehandedly, we supply over product. Anything less than the 
one-third of the entire U.S. LCD very best is not acceptable. 


market. There isn’t a design 
situation you can think of that 
Hitachi hasn’t already worked on. 


3. Hitachi has incredible 
engineering resources. Hitachi is 
a $29 billion company that spends 
over 6% of its net sales on R & D. 
We have 16,000 people directly 
employed in R & D. 


Call Hitachi for more information. 


© -| ITAC a | Hitachi America, Ltd. 


Electron Tube Division 

300 Martingale Road, Suite 600 
Schaumburg, IL 60173 
Telephone 1-312/843-1144 
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How to beat the high cost 
of cheap meters. 


You get what you pay for. 
So get the Fluke 70 Series. 

You'll get more meter for your money, 
whether you choose the affordable 73, 
the feature-packed 75 or the deluxe 77. 

All of them will give you years of 
performance, long after cheaper meters 
have pegged their fishhook needles for 
the last time. 

That's because they're built to last, in- 
Side and out. So they're tough to break. They 
don't blow fuses all the time. You don’t 
even have to replace batteries as often. 

And they're backed by a 3-year warranty. 
Not the usual 1-year. 

Of course, you may only care that the 
world-champion 70 Series combines digital 
and analog displays with more automatic 
features, greater accuracy and easier opera- 
tion than any other meters in their class. 

You may not care that they have a lower 
overall cost of ownership than all the other 
“bargain” meters out there. 

But just in case, now you know. 

For a free brochure or your nearest dis- 
tributor, call toll-free 1-800-227-3800, 
ext. 229. 


FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 
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TkV MAX =F 
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_~ 300mA)-——= ¢ 


eid 


FLUKE 73 


FLUKE 75 FLUKE 77 


Sees 60a 
$79* $99* $139* 


Analog/digital display Analog/digital display Analog/digital display 


Volts, ohms, 10A, diode Volts, ohms, 10A, mA, Volts, ohms, 10A, mA 


test diode test diode test 
Autorange Audible continuity Audible continuity 


0.7% basic de accuracy Autorange/range hold “Touch Hold” function 
2000+ hour battery life 0.5% basic dc accuracy  Autorange/range hold 
3-year warranty 2000+ hour battery life 0.3% basic de accuracy 
3-year warranty 2000+ hour battery life 
3-year warranty 


BOs i a FARE Multipurpose holster 
* Suggested U.S. list price, effective November 1, 1985 


** Patent pending. 
IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) B.V., P.0. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846 


© Copyright 1985 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4714-70 
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Low-power op amp 
delivers precision at 
low signal levels 


Single-supply and battery-powered designs 
often have high signal impedances and low 
signal voltages, so they demand low imput 
currents and precision amplification. To ob- 
tain precise performance in your low-power 
circuits, you can use an op amp that draws 
15 pA of quiescent current. 


Derek F Bowers, Art Kapoor, and Andrew 
Jenkins, Precision Monolithics Inc 


Systems that operate from low supply current and 
voltages, such as single-supply and battery-powered 
systems, often have high signal impedances and de- 
mand low input currents. These circuits also tend to 
have low signal voltages (and therefore a reduced 
dynamic range), so they require op amps with good de 
parameters. The examples that follow demonstrate the 
techniques involved in implementing such circuits and 
others; they make use of the OP-90 low-power op amp to 
implement a battery-powered voltage reference, an 
instrumentation amplifier, a single-supply current 
monitor, a fully floating 4- to 20-mA transmitter suit- 
able for industrial-control systems, a full-wave rectifi- 
er, and a precision voltage-controlled oscillator (VCO). 


Battery applications 


Fig 1 shows how you can use the OP-90 (see box, 
“The OP-90 low-power op amp”) in an accurate, battery- 
powered voltage reference that uses the bandgap tech- 
nique. Two AA cells can power this design for more 
than 18 months, because it draws only 17 pA of supply 
current. 
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Fig 1—This accurate, battery-powered voltage reference uses the 
bandgap technique. Two AA penlight cells can power it for more than 
18 months because it draws only 17 pA of supply current. 


Note that the OP-90, with its 1.6V minimum supply 
voltage, can’t operate from a single, nearly discharged 
dry cell. However, it can operate from a lithium cell. 
Fig 2 shows the typical discharge characteristics of a 
1-Ahr lithium cell that’s powering an OP-90, which in 
turn is driving a full voltage swing into a 100-kQ load. 

Scaling resistors R, and Re produce asymmetrical 
currents in Q; and Q:. The resulting Vpz mismatch 
creates a temperature-proportional voltage across R; 
which, in turn, produces a larger, temperature-propor- 
tional voltage across R, and R;. This voltage appears at 
the circuit’s output, where it’s added to the Vps of Qu. 
The temperature coefficients of Q,’s Vpr and of the 
voltage across R, and R; are opposites, so they cancel 
each other. 

Adjusting the output to 1.23V theoretically produces 
minimum drift—about 20 ppm/°C over the commercial 
temperature range. You can obtain much lower drift by 
tailoring the output voltage for each individual MAT-01. 
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An instrumentation amplifier whose input 
and output range include the negative sup- 
ply suits thermocouple or strain-gauge am- 
plification in noisy environments. 


A 1% change in output voltage produces a predictable 
33-ppm/°C drift. 


Avoiding start-up problems 

Designs employing feedback as does Fig 1’s circuit 
frequently have start-up problems. When no current is 
flowing through R; and Re, the amplifier is beyond its 
positive input-range limit and has an undefined output 
state. To ensure reliable start-ups, you can short pin 5 
(an offset-adjust pin) to ground, thus forcing the output 
high at power-up. 

Fig 3 shows an unusual approach to an instrumenta- 
tion amplifier whose input and output range include the 
negative supply. Such an amplifier is suitable for ther- 
mocouple or strain-gauge amplification in noisy envi- 
ronments. Feedback goes to the null pins rather than to 
the inverting input, freeing up both sides of the input 
stage for signal handling. 

The amplifier’s distortion is that of a differential pair, 
so the design is restricted to high-gain applications— 
linearity is about 0.05% at a gain of 1000 over a 2.5V 
output range. Resistors Rs and R, set the voltage gain 
and accommodate tolerance variations in the op amp’s 
internal resistors. The op amp’s biasing yields a gain 
temperature coefficient of about 50 ppm/°C. 


Current monitor 


Amplifying the voltage drop across a resistor placed 
in series with the current to be measured is the 
technique used by most current-monitoring circuits. 
The major problem facing current-monitor designers is 


Fig 3—This unusual instrumentation amplifier has an input and 
output range that includes the negative supply. Feedback goes to the 
null pins rather than to the inverting input, so both sides of the input 
stage are free for signal handling. 


that the circuits being monitored can tolerate only small 
voltage drops. If you use low-precision op amps in a 
current monitor, the small voltage drop from the circuit 
under test greatly limits the current monitor’s overall 
resolution. 

Fig 4 shows a single-supply current monitor that’s 
capable of monitoring 30 mA with a resolution of about 
10 pA. You can easily alter this range by changing R,. 
Some applications might require that the supply cur- 
rent of the current monitor itself be included in the 
result—something that doesn’t happen automatically 
because the current from pin 4 doesn’t flow through Rj. 


Fig 2—This graph shows the typical discharge characteristics of a 1-Ahr lithium cell powering an OP-90, which in turn is driving a full 


voltage swing into a 100-kQ, load. 
ea a ee ee ee 
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TO CIRCUIT 
UNDER TEST 


100 mV/mA 
9k 


Ry 


OFFSET 
ADJUST 


Fig 4—This single-supply current monitor can monitor 30 mA with 
a resolution of about 10 pA. You can easily alter this range by 
changing R;. 


You can measure this current and calibrate the circuit 
(together with the residual offset) by adjusting Re. 


Temperature effects cancel 


Such an adjustment produces a deliberate Vos in the 
OP-90’s output that is temperature dependent (as is the 
case for most precision op amps). However, the supply 
current of the OP-90 is also approximately proportional 
to temperature, and the two effects tend to track. A 
gain trim can account for current in R, and R; (which 
also bypasses R,). Note that R; has been placed in 
series with the wiper of R2. This resistor (R3) reduces 
the offset-adjust range from 6 mV to about 400 pV, and 
is reeommended for applications requiring high null 
resolution. 


Fully floating 4- to 20-mA transmitter 

The OP-90’s ability to operate in the single-supply 
mode opens up some unusual applications possibilities, 
such as the fully floating 4- to 20-mA transmitter in Fig 
5. The circuit is suitable for industrial-control systems. 

The REF-02 provides the 4-mA offset and also sup- 
plies as much as 2 mA for transducer excitation. If 
necessary, you can adjust R; to effect an offset trim, 
and you can adjust R, to effect a gain trim. These trims 
will not interact, because the noninverting input of the 
OP-90 is at virtual ground. 

The Schottky diode, D,, is not necessary for circuit 
operation, but it prevents glitches from pulling the 
noninverting input more than 300 mV below ground. 
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Fig 5—This fully floating 4- to 20-mA transmitter suits industrial- 
control systems. The REF-02 provides the 4-mA offset and also 
supplies as much as 2 mA for transducer excitation. 


OUTPUT 


VERTICAL | HORIZONTAL 


20 mSEC/DIV 


2V/DIV. | 20 mSEC/DIV 


TRACE 


(b) 


OUTPUT 


Fig 6—This circuit develops the absolute value of input signals as 
high as +2.5V, even though it operates from a single 5V supply. The 
scope photo shows the circuit’s performance with 4V p-p input at 10 
Hz. 
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The mayor problem facing current-monitor 
designers is that the circuits being mont- 
tored can tolerate only small voltage drops. 


The OP-90 de supely op amp 


For single-supply and battery- load resistors, the op amp can : Because fewer transistor base- 


powered systems, consider using operate from a single supply. A _ ~ emitter junctions are required to 
an ultra-low-power op amp such foldback-cascode load (Q, and an bias the OP-90 than to bias ordi- 
as the OP-90 (Fig A), which op- follows these resistors, so the nary op amps, the OP-90 can op- 
erates from a single supply and stage gain is very high. erate from a very low voltage. 

is compatible with a number of The high breakdown voltage For example, the complementary 
available batteries, yet provides of the pnp input transistors, cou- _ Darlington pair formed by Qs 
good de performance. The op pled with protection resistors R; _ and Qi subtracts one full Vpr 
amp draws only 15 pA of quies- and R2, allows the inputs to | . drop less than does a conven- 
cent current; its input offset swing 20V be ond either supply __ tional Darlington pair. The op 
voltage is 150 pV max, its rail without a the : _amp draws only 15 pA of quies- 


CMRR is 100 dB min, and its ene ss cent current. 
open-loop gain is 700,000V/V | _ __ _ 

min. However, the op amp does 
sacrifice slew rate in order to 


TABLE 1—SALIENT SPECS FOR THE OP-90 OP AMP 


operate from low power. Table 1 SINGLE/DUAL-SUPPLY 1.6 TO 36V OR 
lists the salient ego be the OPERATION +08 TO +18V 
OP-90. SUPPLY CURRENT 20 pA MAX 
. . OUTPUT SWING 0 TO 4.2V (V, =5V) 

Output stage 150 pV MAX 

The OP-90 has a oss AB out- ee 
put stage that reverts to a sim- vo bates sds 

CMRR 100 dB MIN 

ple emitter-follower as inputs ap- Ree Tes SGA ee 
proach ground. This reversion Sas BATE meee 


makes possible a guaranteed 
swing within 500. BV of ground 
when the op amp is driving a 
—10-kO load. One hazard of this 
scheme i is that the output imped- 
ance of the output transistor 
(Qi) beso — as the | 


V+ 


© OUTPUT 


an 


oe hi 
(y) ® 


sistor. 
Instead of using a Dartington 
configuration in the input vas 
(an arrangement that wastes — 
voltage headroom and results i in 
increased drift and noise), the 


O \- 


OP-90 uses just a pair of pnp | Fig A—The OP-90 has a class AB. output stage, which reverts to a simple emitter- 
transistors (Q; and Q 2). Becal follower as inputs approach ground. This reversion makes possible a guaranteed swing 
it drops only 80 mV 7 aeross 1 the within 500 cals of iiss when the op iii is ee a 10- oe load. 
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Without this protection, such glitches could cause phase 
reversal in the OP-90, and they could possibly cause 
latch-up of the transmitter. This circuit has a 10 to 40V 
compliance voltage. Its linearity measures about 
0.002%, and its line rejection is 0.002%/V. 


Unusual rectifier 

Fig 6a shows an unusual approach to full-wave recti- 
fication. This circuit develops the absolute value of 
input signals as high as +2.5V even though it operates 
from a single 5V supply. 


For negative inputs, the amplifier behaves as a unity- 
gain inverter. Positive inputs send the op amp into 
negative saturation, and the signal passes directly to 
the output through R, and Ry. Because the output 
impedance depends on the input’s polarity, load imped- 
ances produce asymmetry at the output. You can cor- 
rect this asymmetry by reducing R» or by using a 
second op amp to buffer unpredictable or heavy loads. 
Fig 6b shows the circuit’s performance with 4V p-p 
input at 10 Hz. 

The precision VCO shown in Fig 7 comprises two 


SQUARE 
OUT 


TRIANGLE 


OUT 


CD4066 


Fig 7— This circuit provides simultaneous triangle and square waves wh ile drawing 50 pA from a single 5V supply. 
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Precision | 
switches | 
area | 
snap! 


One stop design | 
shopping is} 
yours with} 
OTTO’S com-| 
plete line of sin-| 
gle and douhle | 
break snap-| 
action switches. Sub-subminiature sizes for direct actu- | 
ation and for integral or auxiliary lever, pushbutton and 
toggle actuators. Ratings from 8 amps to low level. | 
OTTO’S patented high contact pressure design assures 
<0.025 ohms contact resistance. If you don’t see what | 
you need as a standard, we’ll customize a design for | 
you. Commercial grades are UL listed and CSA certi- | 
fied. Military grades meet MIL-S-8805/4, /76, 101, 106 | 
'& AOY. : 
Write or call for OTTO OTTO means 
Catalog 103. CONTR ES: precision switches. | 


| 2 East Main St. ¢ Carpentersville, IL 60110 © 312/428-7171 | 
FAX: 312- 


$ 


Quick Connect Terminals 


WE STOCK “SPECIALS” 


Plated in tin, 
nickel zinc or 
solder: or un- 
plated 


Male tab NEMA/UL 
& SAE; 
.110 to .250 


Integrated eyelet or 
stud holes; from 
060 to Y2 inch 


90° or 45° 
bends 
or flat 


Brass, bronze, 
steel or copper; 
010 to .040 


You can probably save tool- 
ing costs by meeting your 
“special” part needs with a 
Zierick “standard.” See thou- 
sands of quality terminations 
detailed in our new 100 page 
Zierick Catalog. FREE CATALOG. 
Just write or phone 
1-800-882-8020 

in NYS: 1-914-666-2911 


‘ MANUFACTURING 
CORPORATION 


Radio Circle, Mt. Kisco NY 10549 
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OP-90s in combination with an inexpensive quad CMOS 
switch. This circuit provides simultaneous triangle and 
square waves while drawing 50 pA from a single 5V 
supply. IC; acts as an integrator; S, switches the 
charging current symmetrically to yield positive and 
negative ramps. IC2, which acts as a Schmitt trigger 
with a precise hysteresis band of *4V, bounds the 
integrator. The output of IC, will be a square wave with 
almost rail-to-rail swing. With the components shown, 
the circuit exhibits the following frequency of opera- 
tion: 


four= Vin x10 Hz/V. 


Changing C, can alter the equation. The circuit oper- 
ates well up to a few hundred hertz. EDN 
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ALLOTHERS 
PALE BEFORE US. 


No other color graphics ter- 
minal can compare to the 
GR-1105. In fact, you'd have to 
spend an extra five or ten thou- 
sand dollars to get something 
even close. 

The GR-1105's screen is 
brighter than anything else in 
its price class. It's also sharper. 
With three times the resolution 
of similarly priced terminals. 
And sixty times more address- 
able points (82K x 32K). 


Plus the GR-1105 is perfect 
for people who hate to wait. Its 
twice as fast as its price com- 
petitors. And updates over one 
and a half times more data. 

So look into the GR-1105. 
You'll see it’s the one terminal 


that makes all others look pale. 


Call Martin Nel 
at 408) 943-0100 SEIKO 
to ay. iN STR UMENTS 


© 1986 Seiko Instruments US A, Inc. 
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You're looking at an image on the GR-1105’s 14” 1024 x 780, 60Hz non-interlaced monitor. 
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Annitsu 
Presents 
Spectrum 
Analysis 
Thats 
Simply 
Unforgettable 


MS710C Spectrum 
Analyzer 

No more writing down results. 
No more sketching waveforms 
on paper. No more grease 
pencil graphics on the CRT grid. 
Why? 

Because Anritsu’s new MS710- 
series Spectrum Analyzers 
actually remember display 
screens for you — up to nine of 
them, in fact. Each one complete 
with waveforms and comprehen- 
sive alphanumeric information 
such as frequency, level, etc. 
Each one ready for recall to the 
CRT at the push of a button. 
Check and recheck, contrast 
one with another, even compare 


the current real-time waveform to 
a standard in memory. It’s like 
having a file of waveform infor- 
mation always at your fingertips. 
Frequency range is wide, too; 

for instance, our new MS710C 
covers the range from 10kHz to 
23GHz (or up to 140GHZz with an 
external mixer). It offers signal 
search functions, along with an 
ergonomic front panel that puts 
every control right where it’s 
needed. A special display lists 
key functions right on the screen: 
it's virtually a built-in operator’s 
manual! 

Can't get the MS710C out of 
your mind? Contact Anritsu 

for further details. 


pas | rank) Cn eee ee 
Spectrum Analyzer | Frequency Range eter Rican a Mages 
L 
10KHz~30MHz, Ns 

MS710C 100kH2~23GHz 30kHz 18~140GHz 4 
no MS710D 100kHz~23GHz | 1MHz 18~140GHz 

MS710E 100kHz~23GHz 30kHz = 

MS710F | _100kHz~23GHz__| 1MHz ~ 


WE'RE ON THE MOVE. WORLDWIDE. 


ANRITSU CORPORATION 10-27, Minamiazabu 5-chome, Minato-ku, Tokyo 106, Japan Phone: 03-446-1111 Telex: 0-242-2353 ANRITU J ANRITSU AMERICA, INC. 15 Thornton Road, Oakland, NJ 07436, 
U.S.A. Phone: 201-337-1111 Sales & Service 1-800-255-7234 Telex: 642-141 ANRITSU OKLD ANRITSU EUROPE LIMITED Thistle Road, Windmill Trading Estate, Luton, Beds, LU1 3XJ, U.K. Phone: 
(STD0582)418853 Telex: 826750 ANRSEU G ANRITSU ELEKTRONIK GmbH Unhlandstrasse 9, D-4000 Disseldorf 1, FR. Germany Phone: (0211) 682424 Telex: 8584904 ANRID ANRITSU ELETRONICA S.A. 


Av. Passos, 91-Sobrelojas 203/205-Centro, 20.051-Rio de Janeiro-RJ, Brasil Phone: 221-6086, 
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In January, EDN Product News and EDN Career News, EDN’s 
two tabloid editions, merge to form EDN News... 


~~, bringing you all the hottest news of 
| products, technology, and careers. 


HOT NEWS OF PRODUCTS 


The focus of EDN News is on hot 

products that will have the most 

powerful impact on the way you do 

your job. EDN News will cover the 
best products on the market, how 
they evolved, and why. Plus, it will 
now cover industry events (news of 
business, finance, economics) that 
drive product technology and hence 
product introductions. 


HOT NEWS OF CAREERS 
In a separate section, EDN News will 
keep you abreast of professional 
developments and job openings in 
the electronics field. It will carry 


editorial aimed at your career and 
professional growth. Editorial that 
will help you find a job and keep it. 


Watch for your copy of EDN News 
arriving in the mail soon! 


EDN News. Hot News of 
Products, Technology, and 


Careers 
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CALENDAR OF 
ELECTRONICS AND — 
COMPUTER INDUSTRY 
EVENTS 


- 6-8 ATE West 
Anaheim Convention Center, Anaheim, CA (Steve Schuldenfrei, MG Expositions 
Group, 1050 Commonwealth Ave., Boston, MA 02215, 617/232-3976) 

« 6-9 20th Hawaii International Conference on System Sciences 

Kona Surf Hotel, Kailua-Kona, HI (Ralph H. Sprague, University of Hawaii, R-303, 
College of Business Administration, Honolulu, HI 96822, 808/948-7430) 

- 8 Invitational Computer Conference-OEM Series 

Irvine Hilton & Towers, Irvine, CA (Susie Ring, B.J. Johnson & Associates, Inc., 3151 ° 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

- 8-9 American Society of Test Engineers Annual Conference 

Anaheim, CA (ASTE, 114N. Hale St., Suite 2B, Wheaton, IL 60187, 312/260-1055) 

* 12 Semiconductor Packaging 

Scottsdale, AZ (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th St., 
Scottsdale, AZ 85260-2476, 602/998-9780) 

* 12-15 SMART Ill (Surface Mounting and Reflow Technology) Conference 
New Orleans Hyatt Regency, New Orleans, LA (Anthony Hilvers, The Institute for 
Interconnecting and Packaging Electronic Circuits, 7380 Lincoln Ave., Lincolnwood, IL 
60646, 312/677-2850) 

* 12-15 MECOM 87 

Exhibition Centre Bahrain (Gerald G. Kallman, Kallman Associates, Five Maple Court, 
Ridgewood, NJ 07450, 201/652-7070) 

* 13 Invitational Computer Conference-PC Reseller Series 

Hotel Int'l London, London, England (Susie Ring, B.J. Johnson & Associates, Inc., 
3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

* 13-15 PC Fab Expo '87 

Omni International Hotel and Expo Centre, Orlando, FL (PMS Industries, 1790 
Hembree Rd, Alpharetta, GA 30201, 404/475-1818) 

* 13-15 Practical IC Fabrication 

Scottsdale, AZ (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th St., 
Scottsdale, AZ 85260, 602/998-9780) 

* 13-15 Failure Avoidance/Analysis 

Monrovia, CA (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 1000, 
Scottsdale, AZ 85251, 602/945-9620) 

¢ 13-15 Annual Battery Conference on Applications and Advances 

Long Beach, CA (Roseann Schaff-Matheny, Dept. of Electrical Engineering, California 
State University, 1250 Bellflower Blvd., Long Beach, CA 90840, 213/498-4605) 

* 14-16 1987 Multiconference 

San Diego, CA (The Society for Computer Simulation, P.O. Box 17900, San Diego, CA 
92117, 619/277-3888) 

* 14-16 Computer Graphics '87 

The Westgate Hotel, San Diego, CA (Terri McGuire, Frost & Sullivan, Inc., 106 Fulton 
St., New York, NY 10038-2786, 212/233-1080) 

* 15-17 Electronics for National Security Asia Expo (ENSA) 

World Trade Centre, Singapore (Cahners Exposition Group, P.O. Box 3833, Stamford, 
CT 06905, 203/964-0000) 

* 15-17 International Naval Technology Exposition-Asia (NAVTECH) 

World Trade Centre, Singapore (Cahners Exposition Group, P.O. Box 3833, Stamford, 
CT 06905, 203/964-0000) 


* 16 Process Control 
Scottsdale, AZ (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260, 602/998-9780) 

* 18-21 Symposium on Intelligent Control 
Hilton Hotel, Philadelphia, PA (Dr. A. Meystel, Drexel University, Dept. of Elec. & 
Comp. Engr., College of Engineering, Philadelphia, PA 19104, 215/895-2241) 

« 20 Basic IC od 


San Jose, CA (Pat Frusce bo. Integrated Circuit Engineering Corp., 15022 N. 75th 


St., Scottsdale, AZ 85260-2476, 602/998-9780) 
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* 20-21 BUSCON/87-West 
Los Angeles Airport Hilton Hotel, Los Angeles, CA (Anne Weber, MultiDynamics, 
Inc., 17100 Norwalk Blivd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

* 20-21 SYSCON/87-West 
Los Angeles Airport Hilton Hotel, Los Angeles, CA (Anne Weber, MultiDynamics, 
Inc., 17100 Norwalk Blivd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

* 20-23 Annual IEEE Design Automation Workshop 
Gold Canyon Ranch, Appache Junction, AZ (James Armstrong, Electrical Eng. 
Dept., Virginia Tech, Blacksburg, VA 24061, 703/961-7078) 

* 21 Status ‘87 
San Jose, CA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260-2476, 602/998-9780) 

* 21-23 Usenix Technical Conference 
Washington, DC (Usenix Association, Box 385, Sunset Beach, CA 90742, 213/592- 
3243) 

¢ 21-24 Electrotest Japan 
Harumi Exhibition Centre, Tokyo, Japan (Cahners Exposition Group, P.O. Box 
3833, Stamford, CT 06905, 203/964-0000) 

* 21-24 Automated Design Engineering for Electronics (ADEE) 

Harumi Exhibition Centre, Tokyo, Japan (Cahners Exposition Group, P.O. Box 
3833, Stamford, CT 06905, 203/964-0000) 

+ 21-24 Internepcon/Semiconductor International Japan 
Harumi Exhibition Centre, Tokyo, Japan (Cahners Exposition Group, P.O. Box 
3833, Stamford, CT 06905, 203/964-0000) 

* 22 Invitational Computer Conference-OEM Series 
Frankfurt-Sheraton Hotel, Frankfurt, West Germany (Susie Ring, B.J. Johnson & 
Associates, Inc., 3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

* 27 Basic IC Technology 
Scottsdale, AZ (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260-2476, 602/998-9780) 

* 27 Invitational Computer Conference-OEM Series 

Hotel Sofitel Paris, Paris, France (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

* 27-29 Advanced Semiconductor Equip. Exposition and Technical Conf. 
Santa Clara, CA (Cartlidge & Associates, 1101 S. Winchester Blvd., M259, San 
Jose, CA 95128, 408/554-6644) 

* 27-29 Reliability and Maintainability Symposium 
Philadelphia, PA (The American Society of Mechanical Engineers, United 
Engineering Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

* 28 Invitational Computer Conference-PC Reseller Series 
Hotel Sofitel Paris, Paris, France (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

¢ 28-29 12th Annual San Diego Electronics Show 
Del Mar Fairgrounds, Del Mar, CA (Harry Schwartz, Epic Enterprises, Inc., 6151 
Fairmount Ave., Suite 115, San Diego, CA 92120, 619/284-9268) 

* 28-30 Computer Graphics New York '87 
New York, NY (Exhibition Marketing and Management, 8300 Greensboro Dr., Suite 
690, McLean, VA 22102, 703/893-4545) 

¢ 28-31 India Comm 
Taj Palace Hotel, New Delhi, India (Cahners Exposition Group, P.O. Box 3833, 
Stamford, CT 06905, 203/964-0000) 

- 29 Invitational Computer Conference-OEM Series 
Bonaventure Hotel/Spa, Ft. Lauderdale, FL (Susie Ring, B.J. Johnson & 
Associates, Inc., 3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 
* 31 The Chinese Institute of Engineers Annual Winter Conference 
Santa Clara, CA (Regina Lau, The Chinese Institute of Engineers, P.O. Box 391, 
Los Altos, CA 94022, 415/325-5499) 


TOSLINK...Your Link to Fiber Optics Reliability 


Fiber optic networks are drawing the 
keen attention of system designers in every 
industry: office and factory automation, 
medical equipment, measuring equipment, 
NC machines and even automobile design. 

For a better and more reliable system, 


Toshiba’s TOSLINK™ is a choice that offers 


great versatility as well. The single-chip TOSLINK”GH TOSLINK™HH TOSLINK”GH TOSLINK™HH 
design ensures high reliability — and TOML170/170A TOML180/180A TOML270/270A TOML280/280A 


compact size. TOSLINK™ offers a wide range TOSLINK” GH/HH SERIES 
of combinations and transmission distances SARE ak, ESN Transmission [Fulse width |i; | Power | Operating | 
for ready selection according to your distance (m) | distortion supply femBerabra? 


: AP 
system’s purpose. And, free adjustment and TOML170/270 PCE 1300 aaa ou 
easy termination give you complete APF 50 coun 
y aera g : y p TOMLIZO0A7270A Simplex/ DC to 3Mb/s | PCF 100 less than 
flexibility in combining systems. Duplex (NRZ) APF 5 | +110ns 


When it’s a question of fiber optic SE = 40 to 85°C 
networks, think of Toshiba — the company TOML180A/280A PCF 100 
with the best answers. GH: General Use HH: High Reliability Use *Module 


Toshiba America, Inc.: Electronic Components Business Sector: Head Off 

Chicago Office: 1101 A Lake Cook Road, Deerfield, IL 60015, U.S.A. Tel. (31 

Toshiba Europa (I.E.) GmbH: Electronic Components Div.: Hammer , 4040 Neuss 1, F.R. Germany Tel. (02101) 1580 

Toshiba (UK) Ltd.: Electronic Components Div.: Toshiba House, Fr y rimley, Camberley, Surrey GU 165JuJ, England Tel. 0276 62222 
Toshiba Electronics Scandinavia AB: Vasagatan 3, 5 TR S-111 20 Stockholm, Sweden Tel. 08-145600 
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- 1-6 IEEE Power Engineering Society Winter Meeting 
Marriott & Monteleone Hotels, New Orleans, LA (H.E. Markel, Louisiana Power & 
Light Co., 142 Delarond St., New Orleans, LA 70114, 504/363-8841) 

* 2-5 Seventh Annual Florida Instructional Computing Conference 
Sheraton Twin Towers Convention Center and Howard Johnson's Florida Center 
Hotel, Orlando, FL (David Brittain, Florida Department of Education, Educational 
Technology Section, Knott Building, Tallahassee, FL 32399, 904/488-0980) 

- 2-6 3rd International Conference on Data Engineering 
Pacifica Hotel, Los Angeles, CA (Gio Wiederhold, Dept. of Computer Science, 
Stanford University, Stanford, CA 94305, 415/497-0685) 

- 3 Basic IC Technology 
Orlando, FL (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th St., 
Scottsdale, AZ 85260, 602/998-9780) 

* 3 BUSTOPS 
Hotel Europa, Raleigh, NC (Anne Weber, MultiDynamics, Inc., 17100 Norwalk 
Blvd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

- 3 Invitational Computer Conference-OEM Series 
Hotel Executive, Milano, Italy (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

- 3-5 8th AFCEA Western Conference & Exposition 
Disneyland Hotel, Anaheim, CA (The Armed Forces Communications and 
Electronics Association, 4400 Fair Lakes Court, Fairfax, VA 22033, 703/631-61 25) 
- 4 Status '87 
Orlando, FL (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th St., 
Scottsdale, AZ 85260, 602/998-9780) 

* 4-5 Failure Analysis Avoidance 
Scottsdale, AZ (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260, 602/998-9780) 

- 5 BUSTOPS 
Radisson Orlando, Orlando, FL (Anne Weber, MultiDynamics, Inc., 17100 Norwalk 
Blvd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

* 9-11 Modern Electronic Packaging 
Orlando, FL (Technology Seminars, Box 487, Lutherville, MD 21093, 301/269- 
4102) 

- 10 Basic IC Technology 
Newport Beach, CA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 
75th St., Scottsdale, AZ 85260-2476, 602/998-9780) 

- 10 Invitational Computer Conference-Computer Graphic Series 
Red Lion Inn, San Jose, CA (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

* 10-12 Systems Design and Integration Conference 
Santa Clara Convention Center, Santa Clara, CA (Alexes Razevich, Electronic 
Conventions Management, 8110 Airport Boulevard, Los Angeles, CA 90045, 
213/772-2965) 

- 10-12 Communication Networks Conference & Exposition 
Convention Center, Washington, DC (CW/Conference Management Group, 375 
Cochituate Rd., Box 9171, Framingham, MA 01701, 617/879-0700) 

* 11 Status ‘87 
Newport Beach, CA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 
75th St., Scottsdale, AZ 85260, 602/998-9780) 

* 11-13 Executive Conference 
Naples, FL (Mary Harrington, Association for Information and Image Management, 
1100 Wayne Ave., Suite 1100, Silver Spring, MD 20910, 301/587-8202) 

- 15-19 Energy Sources Technology Conference and Exhibition 
Dallas, TX (The American Society of Mechanical Engineers, United Engineering 
Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 
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¢ 16-19 Electronic Imaging West 
Anaheim Marriott, Anaheim, CA (Steve Schuldenfrei, MG Expositions Group, 1050 
Commonwealth Ave., Boston, MA 02215, 617/232-3976) 

* 17-18 Information Services Seminar 

Tokyo, Japan (Semiconductor Equipment and Materials Institute, Inc., 805 East 
Middlefield Rd., Mountain View, CA 94043, 415/964-5111) 

* 17-19 Eastern Telecommunications Showcase 

Indianapolis, IN (Henry Wieland, Jr., U.S. Telephone Assoc. and US. 
Telecommunications Suppliers Assoc., 900 19th St., NW, Suite 800, Washington, 
DC 20006, 202/835-3162) 

* 17-20 The Which Computer? Show 

National Exhibition Centre, Birmingham, England (Cahners Exposition Group, P.O. 
Box 3833, Stamford, CT 06905, 203/964-0000) 

* 18 Basic IC Technology 

Boston, MA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th St., 
Scottsdale, AZ 85260, 602/998-9780) 

° 19 Status '87 

Boston, MA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th St., 
Scottsdale, AZ 85260, 602/998-9780) 

* 19 Invitational Computer Conference-OEM Series 

Europa Hotel, Raleigh, NC (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

+ 22-28 3rd Artificial Intelligence Applications 

Hyatt Orlando, Kissimee, FL (Al Conference, Jan Aikins, Aion Corp., 101 University 
Ave., 4th Fl., Palo Alto, CA 94301, 415/328-9595) 

- 23-26 IEEE Computer Society COMPCON Spring '87 

Cathedral Hill Hotel, San Francisco, CA (Glen G. Langdon, Conference Chairman, 
IBM, Dept. K54-802, 650 Harry Rd., San Jose, CA 95120, 408/927-1818) 

- 24 Status '87 

Zurich, Switzerland (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 
75th St., Scottsdale, AZ 85260, 602/998-9780) 

+ 24 Invitational Computer Conference-Computer Graphic Series 

The Registry, Dallas, TX (Susie Ring, B.J. Johnson & Associates, Inc., 3151 Airway 
Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

* 24-26 Nepcon West '87 

Anaheim Convention Center, Anaheim, CA (Jerry Carter, Cahners Exposition 
Group, 1350 E. Touhy Ave., Des Plaines, IL 60018, 312/299-9311) 

* 25-27 West Lightwave Expo 

San Jose, CA (Lightwave, 235 Bear Hill Rd., Waltham, MA 02154, 617/890-2700) 

* 25-27 Phoenix Conference on Computer and Communications 

Scottsdale, AZ (Dr. Forouzan Golshani, Dept. of Computer Science, Arizona State 
University, Tempe, AZ 85287, 602/965-2855) 

* 25-27 1987 IEEE International Solid-State Circuits Conference 

New York, NY (Lewis Winner, 301 Almeria Ave., Coral Gables, FL 33134, 305/446- 
8193) 

* 26 Optical Discs: An Information Revolution 

IEEE Videoconferences, Seminars via Satellite (IEEE Continuing Education Dept., 
445 Hoes Lane, Piscataway, NJ 08854, 201/981-0060) 


What makes Data Display the industry leader in LED products? 


High performance? Yes! No matter what reason you choose for buying your LEDs 
from Data Display, you'll be right. You simply can't go wrong. 


Competitive pricing? Certainly! Give us a Call today and ask for our free catalog. You may 
? ve : even come up with some reasons we haven't thought of yet! 
Design integrity? Absolutely! Call toll free (800) 421-6815, Within California call (213) 
« . ‘ca? ] 640-0442. Or TLX 664-690. Or write Data Display Products, 
Engineering expertise? Of course! 30)30\'51072 Los Angeles, CA 90009 


Conceptual creativity? That's right! 

‘. . wae Data Display P 
Applications support? Positively! 301 Coral Eirete, El Segundo, GA 90245 
Lifetime guarantee? Right on! Coe ee 


International Reps— Argentina YEL S.R.O., PH: 46 2211, TLX: 390 18605, YELAR @ Australia Ampec, PH: 02 7122466, TLX: 790 27136 AMPEC ® Belgium/Holland Klaasing Elc. 
PH: 01620 51400, TLX: 844 54598 KLBDNL ¢ Denmark Radio Parts, PH: 01 34 34 11, TLX: 855 19613 RPARTDK e Israel R.C.M. Computers, PH: 03 485192, TLX 922 341390 « Italy 
Microdata, PH: 0187 988182 ¢ South Africa Liberty Elec., PH: 52 7637/8/9, TLX: 960 86732SA © Spain Betatron, PH: 6932421, TLX: 23911 PCOE ¢ United Kingdom Mar! Int'l, 
PH: 0229 52430, TLX: 851 65100 MARLG e West Germany/Austria Kuhn, PH: 06235 5662, TLX: 841 464766 KUHND e 


CIRCLE NO 53 


THINK FAST. TOSHIBA 


AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352: NORTHWESTERN AREA, Toshiba America, Inc., (408) 244-4070; SOUTHWESTERN 
REGION, Toshiba America, Inc., (714) 752-0373; SOUTH CENTRAL REGION, Toshiba America, Inc., (214) 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 493-4401; MAJOR ACCOUNT OFFICE, POUGH- 
KEEPSIE, NEW YORK, Toshiba America, Inc., (914) 462-5710; MAJOR ACCOUNT OFFICE, BOCA RATON, FLORIDA, Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, 
Inc., (205) 830-0498; ARIZONA, Summit Sales, (602) 998-4850; ARKANSAS, MIL-REP Associates, (512) 459-8602; CALIFORNIA (Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager 
Electronics, Inc., (818) 712-0011, (714) 957-3367, (San Diego County) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Datcom, Inc., 
(203) 288-7005; DISTRICT OF COLUMBIA, ArboTek (301) 825-0775; FLORIDA, Sales Engineering Concepts, (305) 834-7656, (305) 426-4601, (813) 963-1042; GEORGIA, Montgomery Marketing, Inc., (404) 447-6124: 
IDAHO, Components West, (509) 255-6224; ILLINOIS, Carlson Electronic Sales, (312) 956-8240; INDIANA, Leslie M. DeVoe Company, (317) 842-3245; IOWA, C.H. Horn, (319) 393-8703; KANSAS, D.L.E. Electronics, 
(316) 744-1229; KENTUCKY, Leslie M. DeVoe Company, (317) 842-3245; LOUISIANA, MIL-REP Associates, (713) 444-2557; MAINE, Datcom, Inc., (617) 891-4600; MARYLAND, Arbo Tek, (301) 825-0775; MASSACHUSETTS, 


HIGH SPEED STATIC RAMS. 


From bit-wide to byte-wide, from 25ns to 70ns, 
Toshiba is the power — and the speed — in static RAMs. 


When you think fast, think 
Toshiba. We have the organizations 
and the speeds to meet your require- 
ments. 

In the popular 4K x4, we offer a 
35ns version in the standard 20 pin 
type and in a 22 pin configuration 
with output enable function. The 
output enable helps eliminate bus 
contention, increasing speed. In addi- 
tion, we will soon introduce a 25ns 
version in both configurations. 

We were first with 2K x 8 devices 
which are ideally suited for cache 
memory applications. Now — to 
complement our 35ns versions — we 
are developing a 25ns device. 

For high speed bit-wide applica- 
tions, we are in full production of 
two versions of our CMOS 64K x 1 
SRAMs. One with access times to 
45ns, and one with the lowest stand- 
by power in the industry at only 
lOQA. 

Another new product family being 
introduced is the 16K x 4 CMOS static 
RAM. Both the standard 22 pin de- 
vice and the 24 pin device with the 
additional output enable function 
have speeds to 35ns. A 25ns version 
is in development. 

For additional byte-wide applica- 
tions, we are introducing an 8K x 8 


© 1986 Toshiba America, Inc. 


device with access times to 35ns. 
Packaging is standard 28 pin 600 mil 
plastic dip. For applications where 
parity is required, we have an 8K x 9 
with speeds to 35ns in a 28 pin 300 
mil ceramic dip. 

So when you're thinking fast, 
think Toshiba, the power — and the 
speed — in static RAMs. Toshiba. 
The Power in High Speed RAMs. 


FAMILY TYPE: HIGH SPEED MOS STATIC RAMS 


PART ORG’N SPEED PACKAGE SAMPLES PROD’N 
TMM2068D AKX4 00 20P__CDIP NOW NOW 
TMM2068D AKX4 45 20P_ _CDIP NOW NOW 
TMM2068D AKX4 30 20P. CDIP NOW NOW 
TMM2068AD _4KX4 20 20P_ _CDIP 9/86 11/86 
TMM2078D AKX4 00 22P.._ -CDIP. NOW NOW 
TMM2078D AKX4 45 (2A gle G8) 5g NOW NOW 
TMM2078D AKX4 30 22P _-CDIP NOW NOW 
TMM2078AD _4KX4 20 22P : CD 9/86 11/86 
TMM2018D 2KX8 00 24P _CDIP NOW NOW 
TMM2018D 2KX8 45 Za ACO NOW NOW 
TMM2018D 2KX8 30 24P _CDIP NOW NOW 
TMM2018AD _2KX8 on 24P _CDIP 12/86 12/86 
TMM2089C 8KX9 45 28P_ _ SBDIP NOW 10/86 
TMM2089C 8KX9 30 Zor ROI. NOW 10/86 
TMM2088P 8KX8 45 28P _ DIP 9/86 12/86 
TMM2088P 8KX8 30 28P__ DIP 9/86 12/86 
TC55416P 16KX4 45 eer DEP 11/86 2/87 
TC55416P 16KX4 30 Zee DIP 11/86 2/87 
TC55416P 16KX4 29 oer. ia UNDER DEVELOPMENT 
TC55417P 16KX4 45 24P DIP 11/86 2/87 
TC55417P 16KX4 30 24P_ _ DIP 11/86 2/87 
TC55417P 16KX4 23 24P _ DIP UNDER DEVELOPMENT 
TC5561P 64KX1 70 22P DIP NOW NOW 
TC5561P 64KX1 ae) Z2P-. DIP NOW NOW 
TC5562P 64KX1 aN) Zor DIP NOW NOW 


TC5562P 64KX1 45 22P:- DEP NOW NOW 
NOTE: DIP = PLASTIC CDIP=CERDIP SBDIP = SIDE BRAZED CERAMIC 


TOSHIBA. 
THE POWER IN HIGH SPEED SRAMS. 


TOSHIBA AMERICA, INC. 
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CALENDAR OF 
ELECTRONICS AND 
COMPUTER INDUSTRY 
EVENTS 


- 1-5 Sixth Intl. Symposium on Offshore Mechanics and Arctic Engineering 
Houston, TX (The American Society of Mechanical Engineers, United Engineering 
Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

- 2-5 Spring National Design Engineering Show & Conference 
McCormick Place, Chicago, IL (Cahners Exposition Group, P.O. Box 3833, 
Stamford, CT 06905, 203/964-0000) 

- 2-6 IEEE Applied Power Electronics Conference and Expo 
San Diego, CA (Melissa Widerkehr, APEC '87, 655 15th St. NW, Suite 300, 
Washington, DC 20005, 202/347-5900) 

* 3 Invitational Computer Conference-OEM Series 
La Mansion Hotel, Austin, TX (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

« 3-5 COMDEX in Japan 
Harumi Exhibition Center, Tokyo, Japan (Linda M. Hanson, The Interface Group, 
Inc., 300 First Ave., Needham, MA 02194, 617/449-6600) 

- 3-5 CEPS: Corporate Electronic Publishing Systems Showcase/Conference 
McCormick Place, Chicago, IL (Cahners Exposition Group, P.O. Box 3833, 
Stamford, CT 06905, 203/964-0000) 

* 4-6 AEA Spring Financial Conference 
Monterey, CA (Pamela A. Turner, American Electronics Association, 2670 Hanover 
St., P.O. Box 10045, Palo Alto, CA 94303, 415/857-9300) 

* 9-10 Automated Manufacturing: Computers, Communications and Controls 
The Don Cesar Beach Resort, St. Petersburg, FL (Frost & Sullivan Inc., 212/233- 
1080) 

* 9-11 OAC 87 
Dallas, TX (AFIPS, 1899 Preston White Dr., Reston, VA 22091, 703/620-8900) 

* 10-12 SEMICON/Europa '87 
Zurich, Switzerland (Semiconductor Equipment and Materials Institute, Inc., 805 
East Middlefield Rd., Mountain View, CA 94043, 415/964-5111) 

* 10-12 FOSE '87; FOSE Software '87; FOSE Computer Graphics '87 
Washington Convention Center, Washington, DC (Teresa Robinson, National 
Trade Productions, Inc., 2111 Eisenhower Ave., Suite 400, Alexandria, VA 22314, 
703/683-8500) 

* 10-12 Failure Avoidance/Analysis 
Orlando, FL (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 1000, 
Scottsdale, AZ 85251, 602/945-9620) 

* 11-13 20th Annual Simulation Symposium 
Bay Harbor Inn, Tampa, FL (James Gantt, US Aray-AIRMICS, 115 O'Keefe Bidg, 
GIT, Atlanta, GA 30332, 404/894-3107) 

* 12-13 Northeast Bioengineering Conference 
Philadelphia, PA (IEEE, 6411, Chillum P1 NW, Washington, DC 20012) 

* 13 The Cost Edge 
Orlando, FL (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 1000, 
Scottsdale, AZ 85251, 602/945-9620) 

* 13-15 Technology Executives Conference 
San Francisco, CA (The American Society of Mechanical Engineers, United 
Engineering Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

* 16 State of the Industry Forum 
Dallas, TX (Infomart, 1950 Stemmons Freeway, Dallas, TX 75207, 800/367-71 00) 

* 16-18 Modern Electronic Packaging 
Torrance, CA (Technology Seminars, Box 487, Lutherville, MD 21093, 301/269- 
4102) 

* 16-19 International Military Fiber Optic and Communications Exposition 
Washington, DC (Information Gatekeepers, 214 Harvard Ave., Boston, Ma 02134, 
617/232-3111) 

* 17 BUSTOPS 
Adams Mark Hotel, Philadelphia, PA (Anne Weber, MultiDynamics, Inc., 17100 
Norwalk Blvd., Suite 116, Cerritos, CA 90701-2750, 213/402-1610) 


* 17 Invitational Computer Conference-OEM Series 
Red Lion Inn, San Jose, CA (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

* 17-19 VAR Congress '87 

Dallas, TX (Infomart, 1950 Stemmons Freeway, Dallas, TX 75207, 800/367-7100) 
- 17-19 6th Symposium of Reliability in Distributed Software and Database 
Systems 

Williamsburg Hilton, Williamsburg, VA (Edwin C. Foudriat, NASA, Langley 
Research Center, Info Syst. Div., Hampton, VA 23665, 804/865-3535) 

* 17-20 ELKON 

Helsinki Fair Centre, Helsinki, Finland (Gerald G. Kallman, Kallman Associates, 
Five Maple Court, Ridgewood, NJ 07450, 201/652-7070) 

* 19 BUSTOPS 

Sheraton National, Arlington, VA (Anne Weber, MultiDynamics, Inc., 17100 
Norwalk Blvd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

* 19-20 Seminar on Strategies for Successful Marketing in the Technology 
Industries 

Torrance Marriott Hotel, Torrance, CA (Technology Seminars, 301/269-4102) 

* 23-26 WESTEC '87 

Los Angeles Convention Center, Los Angeles, CA (Mark Kholos, Society of 
Manufacturing Engineers, One SME Drive, P.O. Box 930, Dearborn, MI 48121, 
313/271-1500) 

* 24-26 Southcon/87 

Georgia World Congress Center, Atlanta, GA (Alexes Razevich, Electronic 
Conventions Management, 8110 Airport Boulevard, Los Angeles, CA 90045, 
213/772-2965) 

* 22-26 Solar Energy Conference 

Honolulu, HI (The American Society of Mechanical Engineers, United Engineering 
Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

* 22-26 Thermal Engineering Conference ASME/JSME 

Honolulu, HI (The American Society of Mechanica! Engineers, United Engineering 
Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

+ 23-26 NCGA Computer Graphics '87 

Philadelphia Civic Center, Philadelphia, PA (Nancy A. Flower, National Computer 
Graphics Association, 2722 Merrilee Drive, Suite 200, Fairfax, VA 22031, 703/698- 
9600) 

* 24-26 The Internepcon Production Show & Conference 

National Exhibition Centre, Birmingham, England (Cahners Exposition Group, P.O. 
Box 3833, Stamford, CT 06905, 203/964-0000) 

+ 26-28 Internepcon/Semiconductor International Korea 

Korean Exhibition Centre, Seoul, Korea (Cahners Exposition Group, P.O. Box 
3833, Stamford, CT 06905, 203/964-0000) 

» 29-April 2 IPC Spring Semi-Annual Meeting 

Westin Peachtree Plaza, Atlanta, GA (Anthony Hilvers, The Institute for 
Interconnecting and Packaging Electronic Circuits, 7380 Lincoln Ave., 
Lincolnwood, IL 60646, 312/677-2850) 

¢ 30-April 2 Interface '87 

Las Vegas Convention Center, Las Vegas, NV (Linda M. Hanson, The Interface 
Group, Inc., 300 First Ave., Needham, MA 02194, 617/449-6600) 

- 30-April 2 9th IEEE International Conference on Software Engineering 
Monterey, CA (William Riddle, Software Design & Analysis, Inc., 1760 Bear 
Mountain Dr., Boulder, CO 80303, 303/499-4782) 

¢ 30-April 3 IEEE INFOCOM '87 

Hotel Meridien, San Francisco, CA (IEEE Infocom '87, 1730 Massachusetts Ave., 
N.W., Washington, DC 20036, 202/371-0101) 

- 31-April 2 ADEE: Automated Design Engineering for Electronics/West 
Anaheim Convention Center, Anaheim, CA (Cahners Exposition Group, P.O. Box 
3833, Stamford, CT 06905, 203/964-0000) 


The military power supplies designed 
and built by Abbott are recognized as clearly 
superior under conditions when reliability 
is imperative. 

Since 196I, Abbott has served in the field, within the 
most demanding programs undertaken by major contractors who create the tools for those responsi- 
ble for our nation’s defense. 

These key shipboard and airborne programs include LAMPS, Phalanx, Trident, E-2C, P-3 Orion, 
AEGIS and the Harpoon Missile. 

Abbott follows the high standards and demanding guidelines which include NAVMAT, Electro 
Static Discharge (ESD) Protection and WS-6536 workmanship criteria. 

For over 25 years Abbott has been earning the reputation for, “When reliability is imperative:” 
And for the next 25, reliability will continue to be our prime objective. 


MILITARY POWER SUPPLIES 


Abbott Transistor Laboratories, Inc. Power Supply Division, 5200 West Jefferson Blvd., Los Angeles, CA 90016 (213) 936-8185 
CIRCLE NO 58 


CALENDAR OF 8 
ELECTRONICS AND A peal 
COMPUTER INDUSTRY 


EVENTS 


* 1-8 Microtronics '87 * 21-23 Modern Electronic Packaging 
Hannover, West Germany (Hannover Fairs USA, Box 7066, Princeton, NJ 08540, Washington, DC (Technology Seminars, Box 487, Lutherville, MD 21093, 301/269- 
609/987-1202) 4102) 

+ 2 Invitational Computer Conference-OEM Series ¢ 21-23 Failure Avoidance/Analysis 
Sheraton Tara Hotel, Nashua, NH (Susie Ring, B.J. Johnson & Associates, Inc., Boston, MA (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 1000, 
3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) Scottsdale, AZ 85251, 602/945-9620) 

- 3-4 4th International Workshop Software Specification and Design * 21-23 Annual Electrical Overstress Exposition 
Sheraton Inn, Monterey, CA (David Marca, Digital Equipment Corp. Intelligent San Jose, CA (EOE, 2504 N Tamiami Trail, Nokomis, FL 33555, 813/966-9521) 
System Tech Group, 77 Reed Rd., MS HLO2-3/CID, Hudson, MA 01749) - 23 BUSTOPS 

- 5-8 SOUTHEASTCON '87 Hilton Inn, Minneapolis, MN (Anne Weber, MultiDynamics, Inc., 17100 Norwalk 
Holiday Inn Tampa Int'l Airport, Tampa, FL (David C. McLaren, 813/224-4409) Blvd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

- 5-9 Conference on Human Factors in Computing Systems and Graphics Interface + 23 Invitational Computer Conference-Computer Graphic Series 
Toronto, Canada (Wendy Walker, Computer Systems Research Office, University of Sheraton Hotel Towers, Munich, West Germany (Susie Ring, B.J. Johnson & 
Toronto, 10 Kings College Rd., Rm. 2002, Toronto, Ontario, Canada M5S 1A4, Associates, Inc., 3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 
416/978-5184) * 24 The Cost Edge 

- 5-10 AEA/UCLA Senior Executive Program Boston, MA (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 1000, 
UCLA, Los Angeles, CA (Mary Horngren Frost, American Electronics Association, Scottsdale, AZ 85251, 602/945-9620) 

2670 Hanover St., P.O. Box 10045, Palo Alto, CA 94303, 415/857-9300) * 24-30 Semiconductor International China 

* 6-9 Eastern Simulation Conferences Shanghai Exhibition Centre, Shanghai, China (Cahners Exposition Group, P.O. 
Orlando, FL (The Society for Computer Simulation, P.O. Box 17900, San Diego, CA Box 3833, Stamford, CT 06905, 203/964-0000) 

92117, 619/277-3888) * 26-29 Array Conference 

- 7-9 International Reliability Physics Symposium Montreal, Canada (Array, Box 23489, Portland, OR 97223, 503/641-3151) 

Town & Country Hotel, San Diego, CA (Anant G. Sabnis, AT&T Bell Laboratories, - 27-29 Defect Recognition and Image Processing in III-V Compounds Symposium 
1247 S. Cedar Crest Blvd., Allentown, PA 18103, 215/770-3598) Monterey, CA (Continuing Education in Engineering, University of California 

» 7-9 Nepcon Southeast '87 Extension, 2223, Fulton St., Berkeley, CA 94720, 415/642-4151) 

Orange County Convention Center, Orlando, FL (Janet Schafer, Cahners - 27-29 IEEE Instrumentation and Measurement Technology Conference 
Exposition Group, 1350 E. Touhy Ave., Des Plaines, IL 60018, 312/299-9311) Sheraton-Boston Hotel, Boston, MA (Robert Myers, IEEE Instrumentation and 

« 7-9 Electro/87 Measurement Society, 1700 Westwood Blvd., Los Angeles, CA 90024, 213/475- 

Jacob Javits Convention Center, New York, NY (Alexes Razevich, Electronic 4571) 

Conventions Management, 8110 Airport Boulevard, Los Angeles, CA 90045, - 27-29 Federal DP & Communications Conference & Expo 

213/772-2965) Washington Convention Center, Washington, DC (Linda M. Hanson, The Interface 
« 7-9 Mini/Micro Northeast-87 Group, Inc., 300 First Ave., Needham, MA 02194, 617/449-6600) 

Jacob Javits Convention Center, New York, NY (Alexes Razevich, Electronic * 27-29 American Power Conference 

Conventions Management, 8110 Airport Boulevard, Los Angeles, CA 90045, Palmer House, Chicago, IL (Robert W. Porter, Illinois Institute of Technology, 
213/772-2965) 312/567-3196) 

- 7-9 Electrotest + 27-29 IEEE Computer Society Symposium on Office Automation 
Orange County Convention Center, Orlando, FL (Cahners Exposition Group, P.O. Gaithersburg, MD (Vincent Lum, Dept. of Computer Science, Naval Postgrad 
Box 3833, Stamford, CT 06905, 203/964-0000) School, Monterey, CA, 408/646-2449) 

- 9-10 Satellite Communications Status '87: Technology, Applications & Markets - 27-30 Annual Conference (Association for Information and Image Management) 
Halloran House, New York, NY (Terri McGuire, Frost & Sullivan, Inc., 106 Fulton St., New York, NY (Mary Harrington, Association for Information and Image 
New York, NY 10038, 212/233-1080) Management, 1100 Wayne Ave., Suite 1100, Silver Spring, MD 20910, 301/587- 

* 10-12 RAINBOWfest 8202) 

Hyatt Regency Woodfield, Schaumberg, IL (Ira D. Barsky, Falsoft, Inc., The Falsoft * 27-30 ROBOTS 11 & 17th International Symposium on Industrial Robots 
Building, ‘P.O. Box 385, Prospect, KY 40059, 502/228-4492) Chicago Hilton & Towers, Chicago, IL (Mark Kholos, Society of Manufacturing 

* 14-16 Western Telecommunications Showcase Engineers, One SME Drive, P.O. Box 930, Dearborn, MI 48121, 313/271-1 500) 
Las Vegas, NV (Henry Wieland, Jr., U.S. Telephone Assoc. and US. + 28-29 The Power Electronics Conference/87-East 
Telecommunications Suppliers Assoc., 900 19th St., NW, Suite 800, Washington, Boxborough Sheraton, Boxborough, MA (Anne Weber, MultiDynamics, Inc., 17100 
DC 20006, 202/835-3162) Norwalk Bivd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

* 20-25 28th Annual Management Conference * 28-30 ATE '87 
Marriott's Desert Springs, Palm Desert, CA (Electronic Representatives Olympia 2, London, England (Network Events Ltd., Printers Mews, Market Hill, 
Association, 312/649-1333) Buckingham, MK18 1JX, England, (0280) 815226) 

* 21 BUSTOPS . - 29 Invitational Computer Conference-Computer Graphic Series 
Sheraton Park Central, Dallas, TX (Anne Weber, MultiDynamics, Inc., 17100 Hotel Intercontinental, London, England (Susie Ring, B.J. Johnson & Associates, 
Norwalk Blvd., Suite 116, Cerritos, CA 90701, 213/402-1610) Inc., 3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 


* 21-22 AFCEA Vital Issues Symposium 

U.S. Department of State, Washington, DC (The Armed Forces Communications 
and Electronics Association, 4400 Fair Lakes Court, Fairfax, VA 22033, 703/631- 
6125) 


IMMORTALITY 


Contactless Sensors That Never Die 


No product lasts forever, but Spectrol’s new 
“Blue Pot” sensors will never die due to contact 
friction—because the contacts have been eliminated. 
By utilizing a patented, friction-free magneto-resistive 
technology, Blue Pot resistive sensors are setting 
the new standards in longevity. 

If your application requires the repetitive mea- 
surement of changes in angle, linear positioning, 
pressure, or inclination—these new sensors are ideal 
for your purpose. They are available in a variety of 
sizes in those four application types. In addition to 
almost limitless life, long-term output, and rugged 
construction, these sensors feature infinite resolu- 
tion and elimination of common noise caused by 
contact bounce. They also offer greater sensitivity 
and provide excellent high frequency and high- 
speed response. 

But these contactless precision sensors are just 
the latest addition to Spectrol’s comprehensive line of 
motion and position sensors. For more information 
about the complete Spectrol sensor line, or to make 
contact with the new “contactless” technology, call 
Spectrol today. Spectrol Electronics, 17070 E. Gale 
Avenue, City of Industry, CA 91745, (818) 964-6565. 


1 UNITED 
7 TECHNOLOGIES 
HAMILTON STANDARD 
CONTROLS 


CIRCLE NO 54 


CALENDAR OF 
ELECTRONICS AND 
COMPUTER INDUSTRY 
EVENTS 


- 5 Invitational Computer Conference-PC Reseller Series 

Red Lion Inn, San Jose, CA (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

« 5 Semiconductor Packaging 

Bethesda, MD (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260, 602/998-9780) 

- 5 Invitational Computer Conference-Computer Graphic Series 

Hotel Sofitel Paris, Paris, France (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

- 5-7 Custom Integrated Circuits Conference 

Portland, OR (Laura Silzars, 6900 SW Canyon Dr., Portland, OR 97225, 503/292- 
6347) 

- 5-7 Southeast Lightwave Expo 

Atlanta, GA (Lightwave, 235 Bear Hill Rd., Waltham, MA 02154, 617/890-2700) 

« 5-7 PC Fab Expo '87 

Red Lion Inn, San Jose, CA (PMS Industries, 1790 Hembree Road, Alpharetta, GA 
30201, 404/475-1818) 

« 5-7 Unix Systems '87 

Palais des Congres, Paris, France (Network Events Ltd., Printers Mews, Market Hill, 
Buckingham, MK18 1JX, England, (0280) 815226) 

* 6-7 Midwest Electronics Expo 

St. Paul Civic Center, St. Paul, MN (Steve Schuldenfrei, MG Expositions Group, 
1050 Commonwealth Ave., Boston, MA 02215, 617/232-3976) 

- 6-8 AFCEA European Symposium and Exposition 

Rome Sheraton Hotel, Rome, Italy (AFCEA Europe, Rue de Geneve 6, Box 2, 1140 
Brussels, 2-241 -50-12) 

* 6-8 Practical IC Fabrication 

Bethesda, MD (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260, 602/998-9780) 

+ 6-8 1987 Rome AFCEA European Symposium & Exposition 

Rome Sheraton Hotel, Rome, Italy (The Armed Forces Communications and 
Electronics Association, 4400 Fair Lakes Court, Fairfax, VA 22033, 703/631-61 25) 
* 10-15 Executive Mfg. Strategy Program 

Pajaro Dunes Conference Center, Watsonville, CA (Mary Horngren Frost, American 
Electronics Association, 2670 Hanover St., P.O. Box 10045, Palo Alto, CA 94303, 
415/857-9300) 

* 11-15 COMPEURO '87 

Congress Center, Hamburg, Germany (Walter E. Proebster, IBM Germany, Dept 
3280. Sci., Schoenaichen St. 220, Boeblingen 750, West Germany) : 

* 12 BUSTOPS 

Hilton Inn North, Columbus, OH (Anne Weber, MultiDynamics, Inc., 17100 Norwalk 
Bivd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

* 12-14 Failure Avoidance/Analysis 

Monrovia, CA (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 1000, 
Scottsdale, AZ 85251, 602/945-9620) 

- 13 Computer Integrated Manufacturing 

IEEE Videoconferences, Seminars via Satellite (IEEE Continuing Education Dept., 
445 Hoes Lane, Piscataway, NJ 08854, 201/981-0060) 

¢ 13-15 Electronic Distribution Show 
Bally's, Las Vegas, NV (Joanne Wallace, Electronic Industry Show Corp., 222 
South Riverside Plaza, Suite 2710, Chicago, IL 60606, 312/648-1140) 

* 13-15 InstrumentAsia 87 
Singapore Exhibition Centre, Singapore (Kallman Associates, 201/652-7070) 

¢ 14 BUSTOPS 
Skyline Toronto, Toronto, Canada (Anne Weber, MultiDynamics, Inc., 17100 
Norwalk Blvd., Suite 116, Cerritos, CA 90701, 213/402-1610) 


* 18-19 Seminar on Strategies for Successful Marketing in the Technology 
Industries 
Marriott Philadelphia Airport Hotel, Philadelphia, PA (Technology Seminars, 
301/269-4102) 

* 18-20 COMDEX International in Europe 
Nice Exhibition Center, Nice, France (Linda M. Hanson, The Interface Group, Inc., 
300 First Ave., Needham, MA 02194, 617/449-6600) 

* 18-21 Computer Arithmetics 8 
Como, Italy (Luigi Dadda, Politecnico di Milano, P.zza L. da Vinci 32-20133, 
Milano, Italy) 

* 18-21 8th International Conference on Metallic and Non-Metallic Materials 
La Baule, France (Marge Smith, Society for the Advancement of Material & Process 
Engineering, P.O. Box 2459, Covina, CA 91722, 818/331-0616) 

* 18-21 SEMICON/West '87 
San Mateo, CA (Semiconductor Equipment and Materials Institute, Inc., 805 East 
Middlefield Rd., Mountain View, CA 94043, 415/964-5111) 

+ 19-23 Power Industry Computer Applications Conference (PICA) 
Boanventure Hotel, Montreal, Canada (R.D. Masiello, Systems Control, Inc., 1801 
Page Mill Rd., Palo Alto, CA 94304, 415/494-1165 ext. 1421) 

* 26-28 International Symposium on Multiple-Valued Logic 
Howard Johnsons, Boston, MA (Dan Simovici, University of Mass., Dept. of 
Computer Science, Boston, MA 02125, 617/929-7966) 

* 27-29 Annual Frequency Control Symposium 
Philadelphia, PA (R.L. Filler, US Army Electronics Technology and Devices 
Laboratory, SLCET-EQ, Ft. Monmouth, NJ 07703, 201/544-2467) 

* 27-29 AEA Northeast Financial Conference 
Boston, MA (Pamela A. Turner, American Electronics Association, 2670 Haonover 
St., P.O. Box 10045, Palo Alto, CA 94303, 415/857-9300) 

+ 28 Invitational Computer Conference-PC Reseller Series 
Boston Marriott Newton, Newton, MA (Susie Ring, B.J. Johnson & Associates, Inc., 
3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 


“Sierra’s 
new power supplies 
got VDE” 


Why not?! From 45 to 500 watts, every 
open frame switching power supply 
in our new wide line meets VDE 0806 
for safety. And all have a TUV logo on 
the side to show they’ve been approved 
to these precise VDE standards; not 
“designed to meet” Of course, none of 
this should surprise you. After all, every 
switcher we’ve introduced since 1983 
meets VDE. 

In addition, these power supplies 
all meet VDE 0871, Level A for con- 
ducted noise. Some even meet the more 


“Should they really 
be talking about 
something like that 
in an ad?” 


stringent Level B requirement, includ- 
ing the new “10 to 120KHz” standard. 

Oh, since we got VDE, we figured 
we ought to get approvals for UL and 
CSA plus conform to FCC, IEC and other 
international regulatory agencies as well. 

So if your product needs a power 
supply PDQ that meets VDE, UL, CSA, 
ETC., call ASAP. Sierra Power Systems 
(formerly Sierracin), 20500 Plummer 
Street, Chatsworth, California 91311. Call 
toll-free (800) 423-5569. In California, 
(818) 998-9873. 


CIRCLE NO 59 


Sierra Power Systems 


Division of Valor Electronics, Inc. 


CALENDAR OF 
ELECTRONICS AND 
COMPUTER INDUSTRY 
EVENTS 


- 1-2 IFIP Workshop on CAD Engines 
Kakaishinlou Kainkan, Japan (Prof. Tatsuo Ohtuski, Waseda University, Dept. of 
Elec. & Comm. School of Science & Engr., 3-4-2 Okubo, Shinjuku, Tokyo 160, 
Japan, 03-209-321 1) 

¢ 1-3 16th Annual Symposium on Incremental Motion Control Systems and 
Devices 
Chancellor Hotel & Convention Center, Champaign, IL (Incremental Motion Control 
Systems Society, P.O. Box 2772, Station A, Champaign, IL 61820, 217/356-1523) 

* 1-4 COMDEX/Spring 
Georgia World Congress Center, Atlanta, GA (Linda M. Hanson, The Interface 
Group, Inc., 300 First Ave., Needham, MA 02194, 617/449-6600) 

* 2-4 AUTOCOM '87 
Hyatt Regency Dearborn, Dearborn, MI (Mark Kholos, Society of Manufacturing 
Engineers, One SME Drive, P.O. Box 930, Dearborn, MI 48121, 313/271-1500) 

¢ 3-4 Network Management & Technology Conference & Exposition 
Jacob K. Javits Convention Center, New York, NY (CW/Conference Management 
Group, 375 Cochituate Rd., Box 9171, Framingham, MA 01701, 617/879-0700) 

- 3-5 ISHM Europe (European Microelectronics Conference and Exhibition) 
Bournemouth, UK (Concorde Services, 10 Wendell Rd., London W12 9RT UK, 01- 
743-3106) 

¢ 3-6 14th Int'l Symposium of Computer Architecture 
Sheraton Station Square, Pittsburgh, PA (Zary Segall, Computer Science Dept., 
Carnegie Mellon University, Pittsburgh, PA 15213, 412/268-3736) 

¢ 7-12 Summer Annual Meeting 
Toronto, Canada (The American Society of Mechanical Engineers, United 
Engineering Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

¢ 8-11 International Conference on Computer Vision 
London, England (Azriel Rosenfeld, University of Maryland, Center for Automation 
Research, College Park, MD 20742, 301/454-4526) 

- 9-11 IEEE MTT-S International Microwave Symposium 
Las Vegas, NV (Ferdo Ivanek, Harris Corp., 415/594-3529) 

- 9-11 Nepcon East 
Bayside Exposition Center & World Trade Center, Boston, MA (Janet Schafer, 
Cahners Exposition Group, 1350 E. Touhy Ave., Des Plaines, IL 60018, 312/299- 
9311) 

* 9-11 VISION '87 
Cobo Hall, Detroit, MI (Mark Kholos, Society of Manufacturing Engineers, One SME 
Drive, P.O. Box 930, Dearborn, MI 48121, 313/271-1500) 

* 11-13 IEEE Workshop on Software Technology Transfer 
LaFonda Hotel, Santa Fe, NM (Charles Richter, MCC, Software Tech. Prog., 9430 
Research Blvd., Austin, TX 78759) 

* 15-18 1987 National Computer Conference 
McCormick Place, Chicago, IL (Michelle Conley, American Federation of 
Information Processing Societies, 1899 Preston White Drive, Reston, VA 22091, 
703/620-8900) 

* 15-19 ISDN 
Atlanta, GA (Information Gatekeepers, 214 Harvard Ave., Boston, MA 02134, 
617/232-3111) 

°16-18 North Central Lightwave Expo 
Minneapolis, MN (Lightwave, 235 Bear Hill Rd., Waltham, MA 02154, 617/890- 
2700) 

* 16-18 Sixth Canadian CAD/CAM & Robotics Conference & Exposition 
International Centre, Toronto, Ontario, Canada (Mark Kholos, Society of 
Manufacturing Engineers, One SME Drive, P.O. Box 930, Dearborn, MI 48121, 
313/271-1500) 

* 16-18 41st AFCEA International Convention & Exposition 
Washington, DC (The Armed Forces Communications and Electronics Association, 
4400 Fair Lakes Court, Fairfax, VA 22033, 703/631-6125) 


SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 


* 16-18 Scottish Technology Week and Conference 

Scottish Exhibition Centre, Glasgow, Scotland (Cahners Exposition Group, P.O. 
Box 3833, Stamford, CT 06905, 203/964-0000) 

¢ 17-18 Elexpo 

Columbus, OH (Elexpo, Box 699, Utica, MI 48087, 313/254-5310) 

* 17-19 NASECODE V Conference 

Trinity College, Dublin, Ireland (Nasecode V, Conference Management Services, 
P.O. Box 5, 51 Sandycove Rd., Dun Laoghaire Co Dublin, Ireland, 353-1-808025) 
¢ 22-26 LASER 87 Opto-Elektronik 

Munich Trade Fair Center, Munich, Germany (Gerald G. Kallman, Kallman 
Associates, Five Maple Court, Ridgewood, NJ 07450, 201/652-7070) 

¢ 23-25 Advanced Manufacturing Systems Exposition & Conference 
McCormick Place, Chicago, IL (Cahners Exposition Group, P.O. Box 3833, 
Stamford, CT 06905, 203/964-0000) 

* 23-25 ATE East 

World Trade Center, Boston, MA (Steve Schuldenfrei, MG Expositions Group, 1050 
Commonwealth Ave., Boston, MA 02215, 617/232-3976) 

* 23-25 SAMPE Electronics Conference 

Doubletree Inn, Santa Clara, CA (Marge Smith, Society for the Advancement of 
Material & Process Engineering, P.O. Box 2459, Covina, CA 91722, 818/331-0616) 
¢ 24-26 SIGPLAN 

St. Paul, Minnesota (S. Habib, CCNY, Computer Science, New York, NY 10031, 
212/690-6631) 

* 24-26 Int'l Conference on Computer Applications 

Bejing, China (Dr. Tse-yun Feng, Penn State University, Elect. Eng. East Blidg., 
University Park, PA 16802) 

* 24-26 SEMICON/Osaka 

Intex Center, Osaka, Japan (Semiconductor Equipment and Materials Institute 
(SEMI), 415/964-5111) 


» 24-July 1 24th ACM/IEEE Design Automation Conference 

Miami Beach Conv. Ctr., Miami Beach, FL (P.O. Pistilli, MP Associates, 7366 Old 
Mill Trail, Boulder, CO 80301, 303/530-4562) 

- 28-July 1 24th ACM/IEEE Design Automation Conference 

Miami Convention Center, Miami, FL (Pat Pistilli, M.P. Associates, 7366 Old Mill 
Trail, Boulder, CO 80301, 303/530-4333) 


Only Airpax gives you real design freedom with VDE approved mag- 
netic circuit breakers. From 50 milliamps to 50 amperes, in more than 
90 configurations and styles. Only Airpax VDE approved breakers 

can help pax Corporation, Cambridge 

' Division, Woods Road, Box 520, 


(301) 228-4600. A North 
American Philips Company. 
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Computers and Communications 


Introducing the economical V60 and the powerful V 70. 
Two ways to succeed in the 32-bit realm. 


Claim your share of the 32-bit 
future by picking the CMOS micro- 
processor that suits your system 
needs. Want economy? NEC's 

new V60 (16-bit external data bus) 
gives you an easy, affordable path 
into 32-bit products. Need per- 
formance? The V70 is a full 32-bit 
engine designed to power leading- 
edge systems. 


SPEED, 


V60/V70 supermicros offer a clock 
speed of 16MHz. They execute 

3.5 MIPS and 6 MIPS respectively. 
And feature a six-stage pipelined 
CPU for concurrent execution of 
up to 4 instructions. There's no 
need to access slow off-chip 
memory. Because V60/V70 give 
you 32 on-board 32-bit general- 
purpose registers. 


MULTI-TASKING, MULTT-USER. 


The V60 and V70 feature an on- 
chip memory management unit 
with 4 gigabytes of demand- 
paged virtual memory space. And 
4 levels of memory protection. 


POWERFUL INSTRUCTION SET. 


The V60/V70 instruction set 1s 

ideal for high-level languages 

and OS support (UNIX™ V and pro- 
prietary realtime OS). You get 21 
addressing modes. 273 instruc- 
tions. An emulation mode for 16-bit 
V20/V30 software. Greater pro- 
gramming flexibility. And new 
ease in generating optimized code. 


Reader Vote No. 9001 


UNIX is a trademark of AT&T Bel] Laboratories. 


COsT EFFICIENT 
With its 16-bit data bus, V60 is the 
most economical design-in for 
32-bit applications including; 
office automation, CAD/CAM work- 
stations, time-sharing systems and 
realtime control. 

NEC keeps costs down through 
innovative production techniques. 
V60/V70 are the densest CMOS 
microprocessors. And the first to 
integrate an MMU and basic 
floating-point processing functions 
ona single chip. 


VISION. 


V-Series microprocessors deliver 
more because they incorporate 
NEC's total computer, communica- 
tions and components expertise. 
Join us in the 32-bit future by taking 
the road that suits you best. Price 
or performance. You'll find them 
both in the V-Series. 


For further information, please contact: 


BUSA Tel:415-960-6000. TWX: 910-379-6985 


MEurope W. Germany 
Tel:0211-650302. Telex:8589960 NE D. 


The Netherlands 
Tel:040-445-845. Telex:51923 NEC B NL. 


Sweden 
Tel:08-732-8200. Telex:13839 NECSCAN. 


France 
Tel:1-3946-9617. Telex:699499 NEC EF. 


Italy 
Tel:02-6709108. Telex:315355 NEC EIT I. 


UK 
Tel:0908-691-133. Telex:826791 NEC UK G. 


@ Asia Hong Kon 


g 
Tel:0-242-824. Telex:54561 HK NEC HX. 


Taiwan 
Tel:02-522-4192. Telex:22372 HK NEC TP. 


Singapore 
Tel:4819881. Telex:39726 NECSIN RS. 


CALENDAR OF | 
ELECTRONICS AND J ui ; 1987 
COMPUTER INDUSTRY 

EVENTS 


SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 


- 1-4 Computer Assisted Radiology, Int'l Congress 

Berlin, West Germany (Michael L. Rhodes, 2730 Pacific Coast Hwy., Torrance CA 
90505, 213/539-5944) 

* 8-10 AUTOMACH AUSTRALIA '87 

Royal Agricultural Showgrounds, Sydney, Australia (Mark Kholos, Society of 
Manufacturing Engineers, One SME Drive, P.O. Box 930, Dearborn, MI 48121, 
313/271-1500) 

- 12-17 IEEE Power Engineering Society Summer Meeting 

Hilton Hotel & Tower, San Francisco, CA (K.D. Bailey, Bechtel National, P.O. Box 
3965, San Francisco, CA 94119, 415/768-2372) 

* 12-17 AEA/Santa Clara Management Development Program 

Santa Clara University, Santa Clara, CA (Mary Healy, American Electronicics 
Association, 2670 Hanover St., P.O. Box 10045, Palo Alto, CA 94303, 415/857- 
9300) 

* 12-18 6th National Conference on Artificial Intelligence 

Seattle, WA (Lorraine Cooper, American Association for Artificial Intelligence, 445 
Burgess Dr., Menlo Park, CA 94025, 415/328-3123) 

- 13-15 Environmental Systems, Intersociety 

San Francisco, CA (The American Society of Mechanical Engineers, United 
Engineering Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

* 15-17 AEA California Financial Conference 

Monterey, CA (Pamela A. Turner, American Electronics Association, P.O. Box 
10045, Palo Alto, CA 94303, 415/857-9300) 

* 19-24 AEA Mid-Level Mfg. Management Program 

University of Santa Cruz Conference Center, Santa Cruz, CA (Mary Horngren 
Frost, American Electronics Association, 2670 Hanover St., P.O. Box 10045, Palo 
Alto, CA 94303, 415/857-9300) 

* 24-27 Internepcon Malaysia 

Putra World Trade Centre, Kuala Lumpur, Malaysia (Cahners Exposition Group, 
P.O. Box 3833, Stamford, CT 06905, 203/964-0000) 

+ 27-29 Summer Computer Simulation Conference 

Montreal, Canada (The Society for Computer Simulation, P.O. Box 17900, San 
Diego, CA 92117, 619/277-3888) 

* 27-31 Siggraph '87 
Anaheim Convention Center, Anaheim, CA (Robert J. Young, Mission Computer 
Associates, P.O. Box 2204, Mission Viejo, CA 92690, 714/830-5680) 


Wind up 
with a new twist 
in twisted 
maqgnet wire. 


TWISTITE" 

Magnet Wire gives you superior 
performance and tighter control over 
twisted wire construction. If you use twisted 


magnet wire in the production of custom tor- 


oid, ferrite or recording head coils, specialty 
audio and R.F. transformers, you'll be glad to 
discover TWISTITE Magnet Wire from MWS. 
Only TWISTITE offers these advantages. 
Because TWISTITE is custom produced by 


MWS, you get a wider range of twisting construc- 


tions. Manufacturing capabilities include: 

¢ Up to 33 Twists Per Inch on fine wire. 

¢ Twisting tolerance as tight as + 1%. 

¢ Tightly controlled capacitance, inductance 
and impedance characteristics. 

¢ Up to 10 colors in some sizes for conductor 
identification. 

¢ Huge selection of insulations: NEMA 
MW 1000, JW1177 105-220°C (single thru 
quadruple film builds). 

e Wide range of sizes: 24AWG and finer. 
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¢ Wide variety of conductor materials: copper, 
Silver, plated conductors and special alloys. 
Discover MWS today. 


Call or write for your FREE copy of the new 
MWS Technical Data Booklet. It’s filled with useful 
information on all wire products produced and 
inventoried by MWS. You'll discover why MWS is 
theindustry leader in specialty 
wire products. Samples of 
TWISTITE Magnet Wire 
are available upon 
request. 


AAWS 


31200 Cedar Valley Drive, Westlake Village CA 913562 
CALL TOLL FREE 800 423-5097 

In California 800-992-8553. 

In Los Angeles 818-991-8553 


TWISTITE™ is a trademark of MWS Wire Industries 


CALENDAR OF 
ELECTRONICS AND 
COMPUTER INDUSTRY 


a August 1987 


SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 


+ 2-14 AEA/Stanford Executive Institute 

Stanford University, Stanford, CA (Mary Horngren Frost, American Electronics 
Association, 2670 Hanover St., P.O. Box 10045, Palo Alto, CA 94303, 415/857- 
9300) 

+ 9-13 Intl. Computers in Engineering Conference and Exhibition 

New York, NY (The American Society of Mechanical Engineers, United 
Engineering Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

* 11 Basic IC Technology 

San Jose, CA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260, 602/998-9780) 

* 11-13 Failure Avoidance/Analysis 

Denver, CO (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 1000, 
Scottsdale, AZ 85251, 602/945-9620) 

* 12 Mid-Term ‘87 

San Jose, CA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260, 602/998-9780) 

* 17-20 IXth International Conference on Production Research 

Netherland Plaza Hotel, Cincinnati, OH (Dr. Ernest L. Hall, Center for Robotics 
Research, University of Cincinnati, ML 72, Cincinnati, OH 45221) 

* 17-20 NCGA's Engineering & Manufacturing '87 

Bayside Exposition Center, Boston, MA (Nancy A. Flower, National Computer 
Graphics Association, 2722 Merrilee Drive, Suite 200, Fairfax, VA 22031, 703/698- 
9600) 

* 17-20 International Congress of Planning and Design Theory 

Boston, MA (The American Society of Mechanical Engineers, United Engineering 
Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

* 18 Basic IC Technology 

Scottsdale, AZ (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260, 602/998-9780) 

* 19 Mid-Term '87 

Scottsdale, AZ (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260, 602/998-9780) 

* 19-21 COMDEX/Australia 

RAS Showground, Sydney, Australia (Linda M. Hanson, 300 First Ave., Needham, 
MA 02194, 617/449-6600) 

* 25 Basic IC Technology 

Boston, MA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th St., 
Scottsdale, AZ 85260, 602/998-9780) 

* 26 Mid-Term '87 

Boston, MA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th St., 
Scottsdale, AZ 85260, 602/998-9780) 

+ 30-September 4 1987 Annual International Test Conference 

Sheraton Washington, Washington, DC (Doris Thomas, ITC, P.O. Box 264, Mt. 
Freedom, NJ 07970, 201/895-5260) 


ABBOTT'S NEW 300-WATT 
SINGLE AND TRIPLE 
POWER SUPPLIES. 


For design engineers who seek high- 
efficiency switching power supplies for use in 
the military environment—your ship has come 
in. Abbott introduces a new 300-watt switching 
power supply series which features tightly con- 
trolled and conservatively rated specs combined 
with an impressive 2.1 watts/cubic inch density 
(per NAVMAT guidelines). 

Shipshape for powering naval sonar/radar, 
communications, ground support for airborne 
systems, and electronic counter measures equipment, 
the compact M300 accepts 115 V at 47 to 440 Hz 
input frequency. And it delivers 300 watts with very little ripple 
and noise as well as tight EMI specs. Its low 3” profile makes M300 
perfect for new design applications, retrofit and modifications. 

Standard features on every M300 power supply include short cir- 
cuit protection and overvoltage protection. Plus every unit is encapsulated 
and hermetically sealed to meet the environmental requirements of 
MIL-STD-810C in addition to the 5-foot hammer drop of MIL-S-901C. 

All this makes M300 live up to our reputation “When reliability is 
imperative:’® 

For extra versatility, choose from a selection of optional features 
such as special connectors, three phase input, wider input voltage range, 
and wider operating temperature range. Plus, M300 is depot repairable for 
convenient routine maintenance operations. 

Whenever you call for power, Abbott provides a powerful answer. 
Call or send for complete specifications today. Abbott Transistor® 
Laboratories, Inc., Power Supply Division, 5200 West Jefferson Blvd., 
Los Angeles, CA 90016 (213) 936-8185. Eastern Office: (201) 461-4411. 
Southwest Office: (214) 437-0697. London Office: 0737 82 3273. 


WHEN RELIABILITY IS IMPERATIVE. 


MILITARY POWER SUPPLIES 
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ABBOTT M300 SWITCHING POWER SUPPLY SERIES 


DIMENSIONS 

Input frequency 

Input voltage 

Output power 

Single 

Triple 

Efficiency 

Hold up time 

Ripple/noise 

Line regulation 

Load regulation 

EMI 

Environment 

Input protection 

Operating temperature range 

Storage temperature range 

MTBF ™* (Ground benign) 
ER option 

MTBF * (Naval sheltered) 
ER option 


3” x 6” x 8” 

47-440 Hz 

115 Vac +10% 

300 watts 

(SV, I2V, I5V, 24¥ 28V) 

(5V, +12V, +I15V) 

60% minimum 

10 m Sec 

100 mV peak-to-peak maximum 
0.2% or 25 mV 

0.2% or 25 mV 

Meets. MIL-STD-461B * * 

Meets MIL-STD-810C, MIL-S-901C 
Per MIL-STD-1399 

0°C to +71°C 

—55°C to + 85°C 

> 60,000 Hrs. 

> 134,000 Hrs. 

> 11,000 Hrs. 

> 28,000 Hrs 


*MIL-HDBK-217D (50°C baseplate temp. ) 
**Refer to spec sheet for applicable levels. 


CALENDAR OF 
ELECTRONICS AND 


EVENTS 


COMPUTER INDUSTRY 


September 1987 


SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 


- 1-3 International Test Conference '87 

Sheraton Washington Hotel, Washington, DC (IEEE Computer Society, IEEE 
Philadelphia Section, 201/895-5260) 

* 1-3 PC EXPO 

Jacob K. Javits Convention Center, New York, NY (Annie Zdinak, PC Expo, 333 
Sylvan Ave., Englewood Cliffs, NJ 07632, 800/922-0324) 

+ 2-5 Internepcon/Semiconductor International Hong Kong 


Ocean Terminal, Kowloon, Hong Kong (Cahners Exposition Group, P.O. Box 3833, 


Stamford, CT 06905, 203/964-0000) 
- 2-5 CEX: International Electronics Components & Equipment Exhibition 


Ocean Terminal, Kowloon, Hong Kong (Cahners Exposition Group, P.O. Box 3833, 


Stamford, CT 06905, 2-03/964-0000) 

* 8-13 Telecomp China 87 

Beijing/China International Exhibition Centre (Gerald G. Kallman, Kallman 
Associates, Five Maple Court, Ridgewood, NJ 07450, 201/652-7070) 

- 9-11 Modern Electronic Packaging 

Seattle, WA (Technology Seminars, Box 487, Lutherville, MD 21093, 301/269- 
4102) 

: 10 Invitational Computer Conference-Computer Graphic Series 

Pier 66, Ft. Lauderdale, FL (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

* 14-18 7th Int'l Conference on Distributed Computing Systems 

Hotel Intercontinental, Berlin, Germany (Herbert Weber, Univeersitat Dortmund, 
Fachbereich Informatik, 46 Dortmund 50, Postfach 50 05 00, 0231/755-1) 

* 15-17 Failure Avoidance/Analysis 


Monrovia, CA (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 1000, 


Scottsdale, AZ 85251, 602/945-9620) 

* 15-17 PC Fab Expo '87 

Radisson Hotel South, Minneapolis, MN (PMS Industries, 1790 Hembree Road, 
Alpharetta, GA 30201, 404/475-1818) 

» 15-17 Automated Design and Engineering for Electronics (ADEE) East 
World Trade Center, Boston, MA (Cahners Exposition Group, 312/299-9311) 

* 15-17 Midcon/87 

O'Hare Exposition Center, Rosemont, IL (Alexes Razevich, Electronic Conventions 
Management, 8110 Airport Boulevard, Los Angeles, CA 90045, 213/772-2965) 

* 18 The Cost Edge 

Ontario, CA (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 1000, 
Scottsdale, AZ 85251, 602/945-9620) 

+ 21-24 1987 Conference on Software Maintenance 

Austin, TX (Roger Martin, National Bureau of Standards, Bldg. 225, Room B266, 
Gaithersburg, MD 20899, 301/921-3545) 

+ 22 Semiconductor Packaging 

Boston, MA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th St., 
Scottsdale, AZ 85260, 602/998-9780) 

* 22 Electronic Packaging 

IEEE Videoconferences, Seminars via Satellite (IEEE Continuing Education Dept., 
445 Hoes Lane, Piscataway, NJ 08854, 201/981-0060) 

+ 22-23 BUSCON/87-East 

Nassau Coliseum, Long Island, NY (Anne Weber, MultiDynamics, Inc., 17100 
Norwalk Bivd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

* 22-23 SYSCON/87-East 

Nassau Coliseum, Long island, NY (Anne Weber, MultiDynamics, Inc., 17100 
Norwalk Blvd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

+ 22-24 SEMICON/East 

Bayside Exposition Center, Boston, MA (Semiconductor Equipment and Materials 
Institute (SEMI), 415/964-5111) 


* 22-24 Northcon/87 

Portland Memorial Coliseum, Portland, OR (Alexes Razevich, Electronic 
Conventions Management, 8110 Airport Boulevard, Los Angeles, CA 90045, 
213/772-2965) 

+ 22-25 European Electronics for National Security Show 

Palazzo Dei Congressi, Rome, Italy (Cahners Exposition Group, P.O. Box 3833, 
Stamford, CT 06905, 203/964-0000) 

* 23-25 Practical IC Fabrication 

Boston, MA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th St., 
Scottsdale, AZ 85260, 602/998-9780) 

+ 24 Invitational Computer Conference-PC Reseller Series 

Frankfurt Sheraton Hotel, Frankfurt, West Germany (Susie Ring, B.J. Johnson & 
Associates, Inc., 3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 
* 27-30 Design Automation Conference 

Boston, MA (The American Society of Mechanical Engineers, United Engineering 
Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

* 28-October 1 OCEANS'87 

World Trade and Convention Center, Halifax, Nova Scotia, Canada (Joseph H. 
Seiler, 902/835-9686) 

+ 28-October 1 NCGA's Computer Publishing '87 

San Francisco Civic Auditorium, San Francisco, CA (Nancy A. Flower, National 
Computer Graphics Association, 2722 Merrilee Drive, Suite 200, Fairfax, VA 22031, 
703/698-9600) 

* 29-30 Nepcon Southwest 

Dallas InfoMart, Dallas, TX (Dennis Stanczak, Cahners Exposition Group, 1350 E. 
Touhy Ave, Des Plaines, IL 60018, 312/299-9311) 

- 29-October 1 Fall National Design Engineering Conference and Show 
New York, NY (The American Society of Mechanical Engineers, United 
Engineering Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

* 29-October 2 New York Information Management Exposition and Conference 
Jacob Javits Convention Center, New York, NY (Cahners Exposition Group, 
203/964-0000) 


Why weapons systems designers are using Rantec standard mulicny power supplies. 


Rantec’s standard military power supplies save weapons 
systems programs money. No costly non-recurring 
engineering expenses. No costly retooling. And, with 
over 600 different models to choose from, no costly 
design compromises on your part. 

Also, no costly time delays waiting for product to 
develop or for manufacture. Which is very important 
when you consider it takes from 13 to 18 months and 
between $125,000 and $300,000 to get a custom mili- 
tary power supply” 

Giving up reliability by going standard? No way. 
First of all, our quality program complies with MIL-I- 


45208 and meets the intent of MIL-Q-9858. Secondly 
all of our power supplies meet or exceed MIL-E-5400, 
MIL-E-16400, MIL-STD-704, MIL- STD- 1999, MIL- 
1-6181, and MIL-STD-461. 

This extensive product line includes single and 
three phase AC input power supplies and DC-DC 
converters in single and multiple output Hower ratings 
to IKW. 

To find out how you can save money like your con- 
temporaries by using Rantec standard power supplies 
which are qualified for airborne, shipboard, ground- 
fixed and ground-mobile use, contact us today. 
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POWER SYSTEMS 


cae Division of Emerson Electric Co. 


9401 Oso Avenue, Chatsworth, CA 91311 ¢ Tel: (213) 885-8223 TWX: 910-493-1247 


*U.S. Navy/Industry Power Supply Ad Hoc Committee Estimates for Time and Cost. 
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CALENDAR OF 
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TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 


| 4 oe ae eral 


COLUMBUS 
DAY 


* 1 Invitational Computer Conference-PC Reseller Series 

Hyatt at L.A. Airport, Los Angeles, CA (Susie Ring, B.J. Johnson & Associates, Inc., 
3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

* 1 Invitational Computer Conference-Computer Graphic Series 

Boston Marriott Newton, Newton, MA (Susie Ring, B.J. Johnson & Associates, Inc., 
3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

« 2 Invitational Computer Conference-PC Reseller Series 

Madrid, Spain (Susie Ring, B.J. Johnson & Associates, Inc., 3151 Airway Ave., #C- 
2, Costa Mesa, CA 92626, 714/957-0171) 

¢ 4-7 IPC Fall Semi-Annual Meeting 

Chicago Marriott Downtown, Chicago, IL (Anthony Hilvers, The Institute for 
Interconnecting and Packaging Electronic Circuits, 7380 Lincoln Ave.., 
Lincolnwood, IL 60646, 312/677-2850) 

* 4-8 Joint Power Generation Conference 

Omni Marriott Hotel, Miami, FL (C.R. Pope, Philadelphia Electric Co., 2301 Market 
St., Philadelphia, PA 19101, 215/841-4603) 

- 5-8 2nd Int'l Conference on Architectural Support for Programming Languages 
Palo Alto, CA (Martin Freeman, Signetics Corp., 811 E. Arques Ave., P.O. Box 
3409, Sunnyvale, CA 94088) 

+ 7-8 TEXCON 

Wyndham Hotel, Austin, TX (Anne Weber, MultiDynamics, Inc., 17100 Norwalk 
Bivd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

* 11-16 COMPSAC '87 

Americana Congress Hotel, Chicago, IL (IEEE Computer Society, 1730 
Massachusetts Ave., NW, Washington, DC 20036, 202/371-0101) 

* 12-15 Infomatocs 87 

Vienna, Austria (Don M. Avedon, International Information Management Congress, 
301/983-0604) 

* 12-16 FOCS 

Marina Beach Hotel, Los Angeles, CA (Ashok Chandra, IBM T.J. Watson Research 
Ctr., P-O. Box 218, Yorktown Heights, NY 10598, 914/945-1752) 

* 13 Invitational Computer Conference-Computer Graphic Series 

Irvine Hilton & Towers, Irvine, CA (Susie Ring, B.J. Johnson & Associates, Inc., 
3151 Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

* 13-15 19th International SAMPE Technical Conference 

Hyatt Hotel, Arlington, VA (Marge Smith, Society of the Advancement of Material & 
Process Engineering, P.O. Box 2459, Covina, CA 91722, 818/331-0616) 

* 13-15 Failure Avoidance/Analysis 

Washington, DC (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rad, Suite 
1000, Scottsdale, AZ 85251, 602/945-9620) 

* 13-15 PC EXPO 

McCormick Place North, Chicago, IL (Annie Zdinak, PC Expo, 333 Sylvan Ave., 
Englewood Cliffs, NJ 07632, 800/922-0324) 

* 14-15 BUSCON International/UK 

The Excelsior Hotel, Heathrow, England (Anne Weber, MultiDynamics, Inc., 17100 
Norwalk Bivd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

* 14-15 The Power Electronics Conference/87-West 

Los Angeles Airport Hilton Hotel, Los Angeles, CA (Anne Weber, MultiDynamics, 
Inc., 17100 Norwalk Blvd., Suite 116, Cerritos, CA 90701, 213/402-1610) 

* 14-15 SEMICON/Southwest 

Infomart, Dallas, TX (Semiconductor Equipment and Materials Institute (SEMI), 
415/964-5111) 

* 14-16 ULTRATECH Conference & Expositions 

Long Beach Convention & Entertainment Center, Long Beach, CA (Mark Kholos, 
Society of Manufacturing Engineers, One SME Drive, P.O. Box 930, Dearborn, MI 
48121, 313/271-1500) 


ae ee . 


* 14-16 IEEE Professional Communication Society International Conference 
Sheraton-Winnipeg, Winnipeg, Canada (Ron S. Blicg, The Roning Group, Box 181, 
Postal Station C, Winnipeg, MB Canada, R3M 3S7, 204/632-2292) 

* 15 Invitational Computer Conference-PC Reseller Series 
Crowne Plaza Hotel, Dallas, TX (Susie Ring, B.J. Johnson & Associates, Inc., 3151 
Airway Ave., #C-2, Costa Mesa, CA 92626, 714/957-0171) 

- 16 The Cost Edge 
Washington, DC (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 
1000, Scottsdale, AZ 85251, 602/945-9620) 

* 18-22 International Conference on Computer Design 
Bally's Park Place, Atlantic City, NJ (IEEE Computer Society, 1730 Massachusetts 
Ave., NW, Washington, DC 20036, 202/371-0101) 

+ 19-21 20th Annual Connectors and Interconnection Technology Symposium 
Franklin Plaza Hotel, Philadelphia, PA (Electronic Connector Study Group, P.O. 
Box 167, Fort Washington, PA 19034, 215/825-3840) 

* 19-22 Joint IEEE/CSEE Conference on High-Voltage Transmission Systems in 
China 
Beijing, People's Republic of China (L.O. Barthold, Power Technologies, Inc., P.O. 
Box 1058, Schenectady, NY 12301, 518-374-1220) 

* 19-22 IEEE Military Communications Conference (MILCOM '87) 

McLean Hilton, McLean, VA (Alan J. Roberts, 703/883-5691) 

* 19-23 SYSTEMS 87 
Munich Trade Fair Centre, Munich, Germany (Gerald G. Kallman, Kallman 
Associates, Five Maple Court, Ridgewood, NJ 07450, 201/652-7070) 

¢ 20-21 Failure Analysis Avoidance 
Scottsdale, AZ (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260, 602/998-9780) 

» 20-22 Nepcon Northwest 
Santa Clara Expo Center, Santa Clara, CA (Jerry Carter, Cahners Exposition 
Group, 1350 E. Touhy Ave., Des Plaines, IL 60018, 312/299-9311) 

* 20-23 Service Company Executives Forum 
San Diego, CA (Mary Harrington, Association for Information and Image 
Management, 1100 Wayne Ave., Suite 1100, Silver Spring, MD 20910, 301/587- 
8202) 

* 20-27 Telecom '87 
USA Pavillion, Geneva, Switzerland (Henry Wieland, Jr., U.S. Telephone Assoc. 
and US. Telecommunications Suppliers Assoc., 900 19th St., NW, Suite 800, 
Washington, DC 20006, 202/835-3162) 

* 21-22 Network Management & Technology Conference & Exposition 
Expocenter at the Merchandise Mart, Chicago, IL (CW/Conference Management 
Group, 375 Cochituate Rd., Box 9171, Framingham, MA 01701-9171, 617/879- 
0700) 

* 21-23 8th AFCEA European Symposium & Exposition 
Brussels Sheraton Hotel, Brussels, Belgium (The Armed Forces Communications 
and Electronics Association, 4400 Fair Lakes Court, Fairfax, VA 22033, 703/631- 
6125) 

* 25-28 Industrial Power Conference 
Atlanta, GA (The American Society of Mechanical Engineers, United Engineering 
Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 

» 25-29 ACM/Computer Society of IEEE FUCC 
Dallas, TX (IEEE Computer Society, 1730 Massachusetts Ave., NW, Washington, 
DC 20036, 202/371-0101) 
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| ,.. Another Innovation from Elfab. 


- High density interconnect system with 6 rows on .100" grid. - Available immediately from production tooling with 6 rows, 32 | 
- Card slot spacing may be as close as .800" centerlines. pins per row. (double the density of a standard DIN connector) 

+ Male connector available in press fit or solder tail versions. 

+ Female surface mount may be either vapor phased or reflow For more information call toll free 1-800-527-0753 

soldered. or contact: Elfab Corporation - 1097 Yates 


- Shortest conductor path between module board and backpanel Lewisville, Texas 75067 - (214) 221-8776 . 
_ with consistency of distance between all six rows. In Europe: Elfab Europe, B.V. - Raheen Industrial Estate | 
+ No holes are required for mounting the female surface mount Limerick, Ireland - (061)-27600 - Telex: 70150 


; connector allowing user flexibility for placement of via holes. -Patent Pending 


- + Female connector straddles P.C. board with resulting 60 
contacts per linear inch. (30 per inch on each side of board at 

INTERCONNECTION 

INNOVATORS 


.033 spacing) 
- Total module card board space required by female connector is 


.350 high by 3.2 wide. (uses less real estate) 
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Voyager 2 is on a mission to explore the outer solar system, 
with the help of RCA High-Rel devices. 


On August 20, 1977, Voyager 2 set off on photos of that hitherto unexplored planet. 
one of NASA's most ambitious journeys. Its Now Voyager is hurtling towards its next 
goal was to explore Jupiter, Saturn andthenthe scheduled rendezvous—with Neptune, nearly 
limits of the solar system, sending back infor- 2./ billion miles from home. After that, this 
mation along the way. extension of our civilization will head for the 
Earlier this year, the satellite passedamile- | edge ofthe solar system. 
Stone when it flew within 50,600 miles of Uranus, We're aboard for the duration. 


sending back extremely high-resolution We're proud that High-Rel CMOS 4000 


TO ETERNITY. 


Series logic and RAMS from RCA are helping to 
make this historic voyage possible. And we are 
confident that the unsurpassed reliability of 
RCA High-Rel integrated circuits will help to 
keep Voyager on course for years to come. 

A leader in High-Rel. 

RCA pioneered two of the leading technolo- 
gies used for aerospace systems: radiation- 
hardened CMOS and CMOS on sapphire 
(SOS). And RCA was the first supplier to be 
qualified to MIL-M-38510 Class A. 
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Today, we offer the industry’s broa 
selection of high-speed CMOS Logic full 
compliant to MIL 883 Rev C, plus a wide sel 
tion of RAMS, ROMS, processors, gate array 
and standard cell ASICs in CMOS and 
CMOS/SOS screened to Class S and Class B. 
For more information on GE, RCA and 
Intersil High-Rel devices for military and aero- 
space applications, call toll-free 800-443-7364, 
ext. 12. Or contact your local GE/RCA sales 


office or distributor. ea 


CALENDAR OF 
ELECTRONICS AND 
COMPUTER INDUSTRY 


eae November 1987 


SUNDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 


THANKSGIVING 
DAY 


- 2-4 Modern Electronic Packaging 


Burlington, MA (Technology Seminars, Box 487, Lutherville, MD 21093, 301/269- 
4102) 

+ 2-6 AEA/Santa Clara Management Development Program 

Santa Clara University, Santa Clara, CA (Mary Healy, American Electronics 
Association, 2670 Hanover St., P.O. Box 10045, Palo Alto, CA 94303, 415/857- 
9300) 

+ 2-6 COMDEX/Fall 

Las Vegas Convention Center, West Hall, Las Vegas Hilton, Caesar's Palace, 
Bally's Las Vegas, Riviera and Sahara Hotels, Las Vegas, NV (Linda M. Hanson, 
300 First Ave., Needham, MA 02194, 617/449-6600) 

- 3-5 AUTOTESTCON '87 

Moscone Convention Center, San Francisco, CA (Mr. Ted Parker, 805/482-0757) 

- 3-5 Electronic Imaging East 

World Trade Center, Boston, MA (Steve Schuldenfrei, MG Expostions Group, 1050 
Commonwealth Ave., Boston, MA 02215, 617/232-3976) 

* 4-6 SEMICON/Korea 

Korea Exhibition Center, Seoul, Korea (Semiconductor Equipment and Materials 
Institute (SEMI) 415/964-5111) 

* 5-6 Seminar on Strategies for Successful Marketing in the Technology Industries 
Marriott Burlington Hotel, Burlington, MA (Technology Seminars, 301/269-4102) 

* 9-12 AUTOFACT '87 Conference & Exposition 

Cobo Hall, Detroit, MI (Mark Kholos, Society of Manufacturing Engineers, One SME 
Drive, P.O. Box 930, Dearborn, MI 48121, 313/271-1500) 

- 9-12 IEEE International Conference on Computer Aided Design 

Santa Clara Convention Center, Santa Clara, CA (Basant Chawla, AT&T Bell 
Laboratories, 1247 S. Cedar Crest Blvd., Allentown, PA 18103, 215/770-3485) 

« 9-13 MONTECH '87 

Palais de Congres, Montreal, Canada (Donald T. McGilles, 514/289-5054) 

* 10-14 Productronica 87 

Munich Trade Fair Centre, Munich, Germany (Gerald G. Kallman, Kallman 
Associates, Five Maple Court, Ridgewood, NJ 07450, 201/652-7070) 

* 12-14 Principles of RF and Microwave Circuit Design 

Laurel, MD (Besser Associates, 3975 E. Bayshore Rd., Palo Alto, CA 94303, 
415/969-3400) 

* 15-18 GLOBECOM '87 

Keio Plaza Inter-continental Hotel, Tokyo, Japan (Noriyoshi Kuroyanagi, 81-422-59- 
2539) 

* 16-20 Salon International des Composants Electroniques '87 

Parc d'Expositions, Paris, France (Societe pour la diffusion des sciences et des arts 
(SDSA), 202/377-5014) 

* 17-19 Failure Avoidance/Analysis 

Monrovia, CA (Margaret DeRiso, DM Data Inc., 6900 E. Camelback Rd, Suite 1000, 
Scottsdale, AZ 85251, 602/945-9620) 

* 17-19 Wescon/87 

Moscone Center, San Francisco, CA (Alexes Razevich, Electronic Conventions 
Management, 8110 Airport Boulevard, Los Angeles, CA 90045, 213/772-2965) 

* 18-20 Practical IC Fabrication 
San Jose, CA (Pat Fruscello, Integrated Circuit Engineering Corp., 15022 N. 75th 
St., Scottsdale, AZ 85260, 602/998-9780) 

- 18-21 PRONIC 86 

Porte de Versailles Exhibition Grounds, Paris, France (Societe pour la diffusion des 
sciences et des arts (SDSA), 011-33-1-505-1317) 


he game Is over. 
MNI. The only universal programmer. 


A totally new concept in PROM 


Programming. OAE has drawn upon 12 


years of research and manufacturing 
experience to develop the ultimate in 
software configured programmers. By 
combining up to 64 programmable pin 
drivers with a new database of over 
1400 parts, the software configured 
OMNI can program hundreds of 


EPROMs, EEPROMs, EAROMs, 
bipolar and CMOS PROMs, PLDs, 


microprocessors and ASICs 
(Application Specific ICs). /n fact, the 


OMNI's unique pin drivers can program 


and test all known programmable 
semiconductors, from bipolar diode 
arrays to ECL PLDs. in addition, an 
optional parametric editor can be used 
to screen every device programmed to 
your company’s own specifications. 


100% Software Configured. 


Unlimited Free Library Updates 
available for 2 years. 


Plug compatible with over 350 
different computers and operating 
systems. 


Over 20,000 devices may be added to 
the OMNI’s new nonvolatile library. 
Fast high voltage, high current pin 


drivers can supply +1.5A continuous, 
and +4.5A to +10A peak at each pin. 
100% laser trimmed references — 

no calibration is ever required. 


Over 4,000 steps of voltage and 
current resolution plus sub- 


nanosecond timing resolution to 
program everything from CMOS to 
high power bipolar and ECL devices. 


The OMNI 64 supports ALL package 
types, including SOs, LCCs, PLCCs, 
PGAs, DIPs, etc. 


Full one year parts and labor and two 
year software warranty period. 


The OMNI is small, portable, and easy 
to use. 


OMNI Series starts at just $2995.00 


NOW THAT THE HARDWARE GAME 
IS OVER... IT’S YOUR MOVE! 


Call 1-800-828-0080 (1-800-423-8874 
in CA) for a free demonstration today. 


Oliver Advanced Engineering, Inc. 
320 West Arden Street 
Glendale, CA 91203 
(818) 240-0080 
TWX (510) 600-8099 
CIRCLE NO 63 


CALENDAR OF 
cecrroncsaD_~=—s§-s« SPP acGember 1987 
EVENTS 


SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 


CHRISTMAS 


+ 2 Micro Contamination Control 

IEEE Videoconferences, Seminars via Satellite (IEEE Continuing Education Dept., 
445 Hoes Lane, Piscataway, NJ 08854, 201/981-0060) 

- 2-4 SEMICON/Japan 

Tokyo International Trade Center, Tokyo, Japan (Semiconductor Equipment and 
Materials Institute (SEMI), 415/964-5111) 

* 6-9 1987 IEEE International Electron Devices Meeting 

Washington Hilton, Washington, DC (Ms. Melissa Widekehr, 202/347-5900) 

* 9-11 1987 26th IEEE Conference on Decision and Control 

Century Plaza Hotel, Los Angeles, CA (William S. Levine, 301/454-6841) 

* 9-11 Winter Simulation Conference 

Location TBA (ACM Conference Dept., 11 W. 42nd St., New York, NY 10036, 
212/869-7440) 

¢ 11-13 INTERFACE in JAPAN 

Harumi Exhibition Center and Keio Plaza Hotel, Tokyo, Japan (The Interface Group 
Inc., 616/449-6600) 

* 14-18 12th Annual IEEE International Conference on Infrared and Millimeter 
Waves 

Americana Dutch Resort Hotel, Orlando, FL (Kenneth J. Button, 617/253-5561) 

* 15-17 Principles of RF and Microwave Circuit Design 

Santa Clara, CA (Besser Associates, 3975 E. Bayshore Rd., Palo Alto, CA 94303, 
415/969-3400) 

* 15-17 Winter National Design Engineering Conference and Show 
Anaheim, CA (The American Society of Mechanical Engineers, United Engineering 
Center, 345 E. 47th St., New York, NY 10017, 212/705-7053) 


From Boards to Systems 
Y-4 Offers Integrated Solutions 


DY-4’s total commitment to 
systems integration solutions is 
a matter of record. 


In applications ranging from 
commercial to military, we have 
supplied both boards and systems 
that address our clients’ major 
concerns. 


Demanding environment 
Reliability 

Testability 

Quality control 
Multiprocessing/ 
high-performance architecture 
Performance modelling 
Redundancy 

Operating systems 


At DY-4, we offer compatible 
product ranges for environments 
spanning commercial, ruggedized 
and militarized requirements, 

... and we do it in a most 
cost-effective manner. 


From boards to firmware to chassis 
systems, DY-4 offers complete 
VME system-integrated solutions. 
At DY-4, we are just as dedicated 
to solving system challenges in 
an innovative way, as we are to 
providing continuous customer 
support — before and after sales. 


Call today and we will send you 
our new Short Form Catalogue. 
See for yourself how our com- 
prehensive VME product solutions 
can benefit your current 
applications. 


-4 SYSTEMS INC. 


California: 
(408) 377-9822 
Massachusetts: 
(617) 692-9308 
Canada: 

(613) 596-9911 
Denmark: 

(06) 96-3624 


SILICON SYSTEMS- 


INNOVATORS IN INTEGRATION 


Demonstrated Lead- 
ership in Combining 
Analog and Digital 
Designs on a Single 
Chip, and Offering Both 
CMOS and Bipolar 
Processing in Our Own 
Advanced Wafer Fab. 


DESIGN EXPERTISE 


Silicon Systems is years 
ahead of the competition 
in the design of custom 
and semicustom analog, 
digital, and combined analog/ 
digital IC’s in Bipolar and CMOS 
technologies. One reason for this 
success is our heavy investments in 
the most advanced computer-aided design sys- 
tem called IDM— Integrated Design Methodology. 
This proprietary design tool is the ultimate solution 
for supporting our customers’ requirements. IDM 
allows auto-routed cells, compiled macros, and full 
custom circuitry to be intermixed on a single chip. 
The result: IDM provides faster turnaround, lower 
cost, and higher performance while eliminating 
design errors. 

This design “edge” has led us into a broad 
diversity of design applications. However, we aren’t 
resting on our laurels. With a dedicated design 
automation team with 14 years of experience, we 
are defining the state-of-the-art for future analog 
and analog/digital design methodologies. Further- 
more, our systems engineering background allows 
Silicon Systems to live up to its name by providing 
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true systems ona 

chip performance, 
thereby affording our 
customers a true 
competitive advantage. 


PROCESS EXPERTISE 


But there’s more to a 
great IC company than 
just great design. And 

that’s why Silicon Sys- 
tems developed a multi- 
fine process wafer fab running 

Bag advanced CMOS and Bipolar 
| e technologies optimized for 
ASIC development and pro- 
duction. 

We run 3u CMOS with both high volt- 

age (12V) and low voltage (5V) analog/digital 
options. We also run 24 CMOS for digital applica- 
tions and will soon be scaling these to 1.254 CMOS 
with analog enhancements to follow. 

In Bipolar, the company has extensive experi- 
ence producing analog/digital design with our 3y, 
4GHz f,. process. We are ramping up our newest 
Bipolar: technology which will extend our processes 
to 6 GHz f£, and even lower noise capability. 

The Dollit is: there is no company better 
equipped to provide the right custom/semicustom 
chip solutions for your most challenging analog, 
digital, or combination analog/digital design prob- 
lems. So, if you'd like to give your product a com- 
petitive edge, call or write for more information: 
Silicon Systems, 14351 Myford Road, Tustin, CA 
92680. Phone: (714) 731-7110. 
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WHAT’S THE DIFFERENCE BETWEEN 
1976 AND 1986? 


NUMBER OF COST 
2 COMPONENTS :h PER WATT 
Thi and 
is ae 8 bond 
this... 
1976 RMD 1986 ERD 1976 RMD 1986 ERD 1976 RMD 1986 ERD 
50 Watts 60 Watts 50 Watts 60 Watts 50 Watts 60 Watts 
POUNDS 250 
POWER DENSITY PER WATT (000 hrs) 
and and 
this... this... 
1976 RMD 1986 ERD 1876 RMD 1986 ERD 1976 RMD 1986 ERD 
50 Watts 60 Watts 50 Watts 60 Watts 50 Watts 60 Watts 


Presenting the new d-c to d-c converters 
Kepco/TDK Series ERD 


Actually, the basic difference between our new Series ERD These d-c to d-c converters are offered with either 24V inputs 


and our very popular 10-year-old Series RMD, is 275KHz. or 48V inputs — 30 models in all. 
RMD operates at a switching frequency of 25KHz. ERD Single unit prices: 30 Watts, $135; 60 Watts, $160; 
operates at 300KHz. 150 Watts, $225. 


And it’s thanks to that 12-fold increase — plus such 
developments as hybrid microcircuitry and power FETs — that 
we're able to give you such light, compact, low-priced units 
with all these features: Adjustable voltage output... remote 
error sensing. ..optically isolated remote on-off. ..overvoltage 
protection...rectangular current limiting...LED power OK 
indicator... built-in MIL-STD-461B filter. : 

We're offering Series ERD d-c to d-c converters in three CIRCLE NO 127 
sizes: 30 Watts, 60 Watts, and 150 Watts; 10 models are : 
available in each size: 5V-, 12V-, 15V-, 24V-, <a ERD 150 WATT MODEL 
and 48V-output. 


OEM quantity discounts available. For complete 
specifications and 144-page Kepco Applications Handbook 
and Full Line Catalog, call or write Dept. JGF-12, KEPCO,INC., 
131-38 Sanford Avenue, Flushing, NY 11352 USA 
(718) 461-7000 *> TWX #710 582 2631 » FAX (718) 767-1102. 


Five Tough RS232 Problems Solved! 


We've taken the hard 
work out of RS232 design 
interfacing. Our low-power 
drivers and receivers feature 
rugged bipolar circuitry for high 
reliability. No external components are 
needed for protection or slew rate control. 
Also available is an on-board shutdown 
circuit that turns off all supply current, 
forcing the outputs into a high-impedance 
State. 

Our complete RS232 family includes: 

17T1080/1081— A 5V powered dual 
driver and receiver with an on-chip power 
generator to make £9V for RS232 drivers. 
The LT1080 is offered in an 18-pin DIP 


™ Tri-State is a registered trademark of National Semiconductor Corp. 


5V Powered RS232 Driver/ Receiver with Shutdown 


“LINO 


TECHNOLOGY 


TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS 
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and includes shutdown. 
The LT 1081 is a 16-pin version without 
shutdown. 

LT1039— Triple low-power RS232 
driver and receiver with shutdown. It can 
be powered from a 5V supply. 

LT1030/1032— Quad RS232 drivers 
similar to 1488 types. They feature low 
power, shutdown and low parts count. 
These drivers meet RS232 voltage levels 
with only =6V power supplies. 

For details about our full family of 
RS232 products, contact: LINEAR 
TECHNOLOGY CORPORATION, 1630 
McCarthy Blvd., Milpitas, CA 95035 
(408) 942-0810. 


DESIGN IDEAS 


EDITED BY TARLTON FLEMING 


EPROM enhances TMS32010 wC’s memory 


Robert M Sovacool 
General Motors, Warren, OH 


Available memory can be a problem when developing 
signal-processing applications for the TMS32010 pC. 
The »C contains 4k 2-byte words of program memory 
and 144 2-byte words of data memory. You can store 
data tables in the remaining program space after you’ve 
developed the application program, but your tables may 
require more space than that. 

The circuit in Fig 1 uses a 16kxX8-bit EPROM and 
some of the 32010’s eight I/O channels to provide 8k 
2-byte words of data space. By writing an OUT instruc- 
tion to the proper I/O address, you load the initial table 
address into the 14-bit counter IC;-IC;. Decoder IC, 
strobes this address into the counter. Allowing a delay 
for the memory’s maximum settling time, your program 
writes a series of IN instructions to another I/O ad- 
dress, which fetches data words from the EPROM via 
buffer IC,, one byte at a time. At the end of each IN 
instruction, the OR gate IC, automatically bumps the 
counter by one count to access the EPROM’s next byte 
of data. 


*FOUR 74LS193 4-BIT 
COUNTERS MAKE UP 
THIS 14-BIT COUNTER. 


EDN January 8, 1987 


Fig 1—An external EPROM (IC ») enhances the TMS32010 C’s memory.space by adding 16k bytes. 


EPROMs with access times of 70 nsec or less will 
allow the program to fetch data in response to consecu- 
tive instructions; 250-nsec EPROMs allow a fetch on 
every other instruction. Because the upper half of the 
data bus floats between read operations, the alternate 
instruction (between IN instructions) can be a software 
AND, which clears the high byte to zero. Or you can 
strobe zeros into the high byte using an additional 
buffer with inputs tied to ground and free the time 
interval between IN instructions for another DSP in- 
struction. 

Furthermore, you can eliminate data-bus connections 
to the counter if you don’t need to preload it with a 
nonzero address. In such a case, invert IC2’s output and 
connect it to the counter’s reset input. As another 
option, your system can access dual EPROMs in paral- 
lel, fetching a 16-bit word during each read operation. 
The arrangement requires storage of even and odd 
bytes in separate EPROMs; many EPROM program- 
mers can handle this requirement. £DN 
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DESIGN IDEAS 


Detector measures acoustic-wave speed 


Gregg A Butler 
Analog Devices, Wilmington, MA 


You can measure the speed of sound in air and various 
other media by using a system that includes a balanced 
modulator/demodulator operating as a phase-sensitive 
detector (Fig 1). The signal source Eyy provides a 
sinusoidal input to the phase detector IC, and to the 
piezoelectric transducer Y,;. You mount an electret 
microphone within the sample chamber at a known 
distance D from the transducer; D should exceed % of 
the wavelength for the lowest excitation frequency 
used. To avoid standing-wave interference, you should 
place a sound-absorbing material such as cotton or 
fiberglass at each end of the chamber. 

Op amp IC, amplifies the microphone signal and 
applies it to the phase detector, whose filtered output 
Eour is proportional to the delay that occurred when 
the signal propagated through the chamber as sound. 
This delay is a function of D, of the signal frequency, 
and of the desired propagation velocity, as well as of 
temperature and (to a slight degree) pressure. For a 
given temperature, however, you can calibrate the 
velocity measurement by adjusting the frequency. 

When En and the amplified microphone signal are in 


ELECTRET MICROPHONE 


(ARCHER #270-090) 


SOUND ABSORBER GAS INLET 


quadrature (that is, when their phase difference is 90°), 
the de component of IC,’s output is zero, and thus the 
filtered output Eour is zero. You obtain this null condi- 
tion by adjusting the frequency of Ey (f,). Then, you 
increase the frequency until a second null appears (fz). 
These frequencies correspond to a phase difference 
(6,—6,) of m rad: 


yeaa ae _27Df,  27Dfi 
2 1 17 se on ae 


where V is the desired sound velocity: 
V=2D(f.-f,). 


The circuit’s frequency response is 3 to 8 kHz when 
using the transducer and microphone shown. (The 
AD630, incidentally, can process a subsonic- to 10-kHz 
frequency range.) When D is 6.8 in., the setup shown 
yields a null condition at 4 kHz and another at 5.005 
kHz, resulting in a measurement of 1132 ft/sec for 
sound in 68°C air. EDN 
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PIEZOELECTRIC TRANSDUCER Y; 
SOUND ABSORBER (ARCHER #273-069) 


SAMPLE CHAMBER 


(PHASE 
INPUT) 


(SIGNAL INPUT) 


QO Eour 
(FILTERED) 


Fig 1—This circuit measures the velocity of sound in air (or in any medium you place in the sample chamber). 
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worlds tiniest hermetically-sealed mixers from 91195 


* . 
40 KHz to 3GHz, MIL-M-28837 performance Model | Freq.(MHz)| Conv. | L-R | Price Qty 
LO/RF Loss_ | Isolation | $ 
We know our TFM mixers are tough ... they meet stringent (dB), typ | (dB), typ 
MIL-M-28837 environmental requirements. But even we were TFM-2 1-1000 7.0 30 11.95 (1-49) 
sed ark ji ee + TFM-2P 1-1000 7.0 30 11.95 (1-49) 
surprised when our in-house weightlifter whacked a TFM-2 several TEM-3 0.04-400 6.0 35 19.95 (5-49) 
te tt TFM-4 5-1250 75 30 21.95 (5-49) 
times with a hammer ... and the unit still passed all electrical tests apie eaetO es = sae ea 
(we don’t recommend you do the same). eee TFM-11 1-2000 75 25 39.95 (1-24) 
ee See eee TFM-12 800-1250 6.0 35 39.95 (1-24) 
Only 0.5 by 0.21 in. in pc board area, the TFM-seriesisthe |) tris 10.3000 | 63 36 | 4995 (1-9) 
smallest hermetically-sealed mixer available anywhere. Althoughit — +» TFM-150 10-2000! 65 35) | 2088 Om) 
has exceedingly wide bandwidth, it still takes up less space than _+ phase detection, pos. polarity 
5 eee IF port not DC coupled 
flatpacks Or TO 8 cases. »» +10dBm LO, +5dBm FF at 1dB compression 
Count on tiny TFMs to take punishment... all other models +7dBm LO, +1dBm RF at 1dB compression 
they not only will survive, they will meet all specifications. 
*Units are not QPL-listed 
E-Z Mounting for circuit layouts PLUG-IN FLAT MOUNT EDGE MOUNT 
Use the TFM series to solve your tight 
space problems. Take advantage of 
the mounting versatility—plug it A Division of Scientific Components Corporation 
upright on a PC board or mount it P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
sideways as a flatpack. Domestic and International Telexes: 6852844 or 620156 
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DESIGN IDEAS 


JFET controls latched DAC during turn-on 


Mike Jachowski _ 
Precision Monolithics Inc, Santa Clara, CA 


When you apply power to a system that contains 
latched D/A converters, the random data stored in the 
latches can cause momentary disruptions in the system. 
Until the CPU can reset and take control, the D/A 
converters can assert undesired outputs for 100 msec or 
more. You can avoid this problem by using the wP’s 
power-up reset signal to clear some types of external 
latches, but you need a different scheme for converters 
with internal latches. 

One such scheme (Fig 1) defines the output during 
power-up for the 12-bit, internally latched D/A convert- 
er IC;. The RS flip-flop IC; is set during power-up (Q is 
low), which turns on transistor Q;. Because Q, is 
saturated, its collector voltage is near 0V and therefore 
the channel resistance of the depletion-mode JFET Q; is 
below 100. The FET’s low on-resistance shorts out the 


—10.000V 
19 


DATA BUS 
eS 
® 


RD/WR 


D/A converter’s internal feedback resistor, which re- 
duces the inverting gain of Vouvr to near zero. (With 
—10V applied to the reference, the worst case output at 
power-up is only 14 mV, that is, 6 LSBs). This condition 
will remain until the CPU writes a command to the D/A 
converter. 

DS and RD/WR go low during a write cycle to the 
D/A converter, resetting the RS flip-flop. The resulting 
high-level Q turns off Q,, which pulls Q.’s gate to —15V, 
turning off Q:. This action restores normal operation to 
Vour by removing the short from the D/A converter’s 
feedback resistor. Although the JFET adds about 15 
pF to the feedback loop, you can maintain settling time 
by simply reducing the feedback capacitor C, to about 
18 pF. The JFET’s drain-source leakage current con- 
tributes less than 0.1 LSB for a 0 to 10V Vour range. 

You can use a similar technique to null the output of a 
D/A converter configured for bipolar output (Fig 2). In 
this case, you place the JFET in the feedback path of 


Vout = 0 TO 10V 


ate 


0.1 pF 


Fig 1—In this D/A-converter circuit, JFET Q., is on during power-up, which shorts out the converter’s feedback resistor and holds Vour 


near OV. 
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The most 
single- 


The Super8™ family of 8-bit MCUs gives you 
higher performance than a lot of 16-bit processors... 
and opens the door to a whole new realm of 


single-chip designs. 
Super 20MHzspeed. 


No other 8-bit 
MCU comes close to the 
20MHz Super8. You'll 
always have plenty of 
performance to 
accomplish your soft- 
ware tasks - with CPU 
time to spare. 


Super ROM memory. 


Memory’s no prob- 
lem either, with up to 
16K of internal ROM, up to 
128K of external RAM or 
ROM, and 325 registers - 
272 general-purpose - 
with dual register 
pointers for fast register 
access and context 
switching. 


Right product. Right price. Right away. 


ZILOG SALES OFFICES: CA (408) 370-8120, tei) 432-9971, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, 
GA 0% 451-8425, IL (312) 885-8080, MA ¢ 

447-1480, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Berkshire (44) (628) 39200, 
PAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. 
U.S. AND CANADA DISTRIBUTORS: Hail-Mark Elec., Schweber Elec., Western Microtech., Anthem Elec., JAN Devices, Inc., 


OH (216 


W. GERM. Munich (49) (89) 612-6046, JA 


I L O 


C 


P 


272 byte general- | 230 byte general- | 32 byte general- 
purpose, 53 mode/ | purpose, 26 mode/ | purpose, 26 mode/ 
control control control, 224 Indirect 


Single-channel with 
16-bit pointer and 
count register 

1/0 Lines 40 programmable | 26 programmable | 32 programmable 
with 2 handshake | 12 fixed input 
channels 2 fixed output 

Counter/Timers | 3 16-bit: 2 up/down- | 2 16-bit up-count 3 16-bit up-count 
count with bivalue | only with 4 high- only 
and capture modes, | speed input units 
1 down count only 

Serial 1/0 1 full-duplex UART | 1 full-duplex UART | 1 full-duplex UART, 

| with special modes, | up to 0.2 Mb/s up to 1.0 Mb/s, 

up to 2.5 Mb/s 1-bit bus 


Interrupts 40 sources, 16 vec- | 8 sources, 8 vectors, | 6 sources, 8 vectors, 
tors, 8 programmable} minimum response | minimum response 
priority levels, min- | 15 microseconds 6 microseconds 

imum response 0.6 


microsecond 
Min. Execution | 0.6 microsecond 1 microsecond 1 microsecond 
at 20MHz at 12MHz at 12MHz 
Price (100) $4.95 $24.75 $7.60 


The choice is clear. 


617) 273-4222, MN (612) 831-7611, NJ (201) 288-3737, 


Bell Indus., Lionex Corp., Graham Elec., Alliance Elec, CANADA SEMAD, Future Elec. 
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CIRCLE NO 130 


609) 778-8070, 


8 priority levels-the 
fastest reaction time in 
the single-chip MCU 
world. 


Super bottom line. 


The Supers gives 
you all this unmatched 
performance-and a 
whole lot more. Off the 
shelf. Backed by Zilog’s 
proven quality and 
reliability. At a price 
that leaves the competi- 
tion even further 
behind. Contact your 
local Zilog sales office 
or your authorized 
distributor today. It’s 
time to see how “super” 
your designs really 
can be. 


Zilog 


an affiliate of 
EXON Corporation 


a cost-effective 
ip MCU anywhere. 


Super-fast 600-nanosecond interrupt mode. 
The Super8 offers you 40 interrupt sources 
and 600-nanosecond response time to each of the 
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the second op amp, IC,. Again, the JFET’s low on- lowest negative value of Vour). The —15V supply level 


resistance holds the op-amp output near OV until the 
CPU begins its first write operation to the converter. 
The circuit then operates normally, provided Q.’s gate 
voltage remains beyond pinch-off (at least 4V below the 


O 5V 


A CS 
& Q, 
RD/WR 2N4403 ! 
VYa7T4HC32 
5V 10k 
® 


15k 


0.1 wr 


I 


O -15V 


ensures this condition. EDN 
To Vote For This Design, Circle No 749 
Qe 
 2N5434 
EC) 
Vout = —10 
TO +10V 


0.1 pF 


Fig 2—In this bipolar-output D/A-converter circuit, JFET Q. in the feedback path of op amp IC; performs a function similar to that of the 


JFET in Fig 1. 


Circuit checks remaining battery capacity 


Rolf Zinniker 
Swiss Federal Institute of Technology, 
Zurich, Switzerland 


The test circuit in Fig 1 gives an indication of the 
capacity remaining in a battery. By noting the time (in 
seconds) that the LED remains on after you depress the 
test switch S;, you can read the remaining battery life 
(in hours) from the curve in Fig 2a. The circuit has 
proven reliable in testing NiCd-, carbon-, and alkaline- 
type batteries, all of which have a discharge-vs-time 
characteristic similar to the NiCd curve shown in Fig 
2b. 
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Closing S; activates the circuit by applying voltage 
from the battery under test. Voltage V, jumps to a 
value Vo=VrR3/(R2+Rs) when the switch closes (Fig 3) 
and then increases with a time constant T=C,(R.+R;3). 
The divider R./R; fixes V2. The reference circuit IC, 
sets Vp to approximately 2.5V. 

The op amp’s output remains high (LED on) until V; 
rises to the level of Vz, when the LED turns off. You 
calculate the on-time toy as follows: 

aad 


ton = T-ln (Fy 
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- Better Power System Mile: 
_ A Standard from NCR 


ics switching power systems are 


designed for the long haul — with demonstrated 


MTBF in excess of 75,000 hours! 


That remarkable reliability figure applies to 
the entire NCR switcher line, from 100 to 500 
watts with one to four outputs. Safety and EMI 
performance meet UL, FCC, CSA and TUV 
(VDE) standards. | 


NCR standards also include power-fall signal, 
over-voltage protection, over-current protection 
and other performance safeguards. 


And, if NCR's standard switchers don't fit 
your requirement precisely, ask about our 
impressive custom and semi-custom power 
system capability. 


75,000 hours MTBF, full safety/ EMI certification, 
on-line performance safeguards and custom or 
semi-custom design capability — add them up 
and they mean lowest cost of ownership. That 

makes NCR your best buy for power switchers. 


For more information 

contact NCR Power 

Systems, 3200 

Lake Emma Road, | 

Lake Mary, FL 32746-3393. : 
Telephone 800/327-7612, in FL 305/323-9250 


2. NEW SWITCHER CATALOG! 
| Fullline... full details. Foryour — 

4 free catalog and the NCR guide 

to power system reliability, 
write us or use the reader 

service number below. 
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Fig 1—This test circuit checks the remaining charge in a battery; 
the charge is proportional to the time the LED remains on after you 
depress S,. 


The on-time is zero when V2<V, and infinite when 
V2>Vr. By substituting ton for t and V2 for V; in Fig 3, 
you obtain a curve for ton as a function of V>. 

You must choose voltages Vs and Vz (Fig 2b) that 
correspond to the desired range for toy. Then, set the 
resistor values as follows: 


R, VR Rs Ve 


Re VeVie Ra Ve—-VeE 


You can make R; a variable resistor for convenience 
in calibrating the circuit. Because the curves of Fig 2b 
and Fig 3 have a similar rate of change over the range of 
interest, the resulting relation (Fig 2a) between toy and 
remaining battery lifetime is quite linear. To use the 
circuit, simply depress S, and hold it. If the LED 
remains on for several seconds, the battery contains 
more than 70% of its rated charge. If the LED remains 
on for only 0.5 sec, for example, the battery is good for 
approximately four hours while loaded as in Fig 2b, 
that is, with 1000. EDN 
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Fig 2—The calculated on-time in seconds for the LED in Fig 1 
corresponds to the battery’s remaining life in hours, based on a 1000, 
load (a). The curve in b shows the measured rate of discharge for a 
NiCd battery (four Varta RS600 cells loaded with 1000). 


Fig 3—This curve shows the variation of V, following closure of S, 
and caused by the charging of capacitor C,,. 


Circuit counts pulses for .P system 


Ricardo Jiménez 
Mexicali Technological Institute, Calexico, CA 


The circuit of Fig 1 measures the period of the input 
signal and displays on an LCD the corresponding pulse 
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rate in pulses/minute. The circuit is useful for monitor- 
ing the 0.46- to 6-sec periods found in biomedical 
systems (for example, 0.46 sec corresponds to an upper 
limit for heartbeat rates—130 beats/minute, and 6 sec 
corresponds to a lower limit for respiratory rates—10 
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QUARTZ MOVEMENT 
Precise timekeeping 
even the Swiss would 


envy 


RANGE OF DESIGNER COLORS ~ 
Available in graphite black, ebonyand is 
titanium-look plastic :  -. 


THIN PROFILE 


350 mils for low profile 
personalities 


LITHIUM POWER CELL 


Secretly packed inside, it takes a 
licking and keeps on ticking even if 
the power goes down. — 


| 
| 
| 
| 


2Kx8. ANDITNEVER NEEDS 
Wi N DB) NG Introducing the 48T02 ZEROPOWER™ Timekeeper™ RAM trom 
m Thomson Components-Mostek. The first fully-integrated solution 


that elegantly combines a quartz oscillator-controlled real-time clock with the added functionality of a 16K 
Non-Volatile Static RAM and a long-life lithiurn energy cell. All on a single chip 

The Timekeeper RAM slips into a standard JEDEC 2k x 8 memory socket and provides fail-safe 
timekeeping functions in your system. As well as access times as fast as 120ns. But unlike serial clock solutions, 
ours is parallel. So it does away with cumbersome serial/paralle conversions and passwords. Making it infinitely 
easier to use. 

Whats more, it provides BCD format year, month, day, hour, minute and second data. And due to its 
software-controlled clock calibration, the Tirmekeeper RAM is ideal for high-accuracy applications. 

The 48702 features autornatic powerfail chip deselect and write protection. And just like the rest 
of our ZEROPOWER family, the Timekeeper RAM fits most EPROM and E*PROM sockets, giving your system 
the nonvolatility of PROM without the need for special write timing or limitations on the number of writes tt 
can perform. 

So remember, Thomson Components-Mostek has a way to improve THOMSON 
your memory — with time. For more information, please write TCMC Memory Marketing, 
4310 Electronics Drive, Carrallton, Texas 75006, or call 214/466-6836. 


Now also available in plastic. 


ZEROPOWER and Timekeeper are trademarks of Thomson Just ask. We have the Solution. a MOSTEK 
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breaths/minute). 

Input pulses clock a flip-flop (IC2) whose Q output 
gates the timer IC;. The timer is configured as a 100-Hz 
astable multivibrator that runs only when the Q signal 
drives pin 4 high. Q is a symmetrical square wave with 
a frequency one-half the input frequency; the Q-high 
interval equals the input period. Thus, each 100-Hz 


Cs 
0.01 pF 1 > 2 65> , 
& 6 
Cc 
R 


6 
5 0.001 pF 
10k 5V 


LATCH 


RESET 


INPUT © 


Hl Dees 5 Se 


pulse burst gives a measure of the input period. 

Nine bits of the counter’s 12-bit binary output are 
sufficient to handle the expected range of inputs. The 
9-bit output addresses EPROMs IC; and IC, in parallel. 
Each selected memory location contains an appropriate 
BCD code as shown in Listings 1 and 2 (data and 
addresses are in hexadecimal code). Next, the BCD-to- 


LCD004 


UNITS 


TENS 


HUNDREDS 


C7 R7 
TF = 100k 


Fig 1—This circuit measures the input signal’s period and displays the input pulse rate in pulses/minute. 
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AVAILABLE NOW. GOING FAST. 


The fastest family of CMOS 4Kx4 static RAMs ever available. Now available from 
Thomson Components-Mostek Corporation. 

since we used the same basic design to create the entire MK41H68 family, our six 
new fast SRAMs share certain features. Like access times of 20ns. And industry-standard 
20- or 22-pin JEDEC packaging. But thats where the similarities end. Because each of the six 
devices offers different features — Chip Enable power down, fast 10ns chip select access or 
output enable control — you can choose the best solution for your application. 

Our fast static RAM family includes the first 5-volt 4Kx4s designed to operate at 
20ns. The MK41L68 Series is also the industrys first LS! circuit specifically designed for the 
new scaled MOS 3.3-volt LV-TTL JEDEC standard. And they're available with access times of 
25ns or 35ns. Either way, they're the fastest 4Kx4 CMOS RAMs available anywhere. 

A state-of-the-art sulb micron double level metal CMOS process and a unique 
6-transistor memory cell allows our new SRAMs to operate at high speeds yet maintain low 
operating and standby power requirements. 

Best of all, our new 4Kx4s are available right now. In quantity From any of our 112 
distributor locations nationwide. And it doesn't end there. In the future, we'll be introducing an 
even wider range of fast static devices, with MIl-883 Rev C followed by 
JAN qualified versions. 

But don't wait too long to find out more. Because with speeds 
like these, they're going fast. For more information, call.214/466-6836 or 
contact your nearest local sales office. 


Just ask. Ve have the solution. 


Thomson Components-Mostek, 1310 Electronics Drive, Carrollton, Texas 75006 
Now also available in plastic. 241 
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7-segment decoders IC;, ICs, and IC, convert the code 
again and provide drive for the 2'4-digit LCD. 

Schmitt-trigger inverters [C,4 and IC, form a one- 
shot that provides a Latch signal to the three decoders; 
ICic and ICip reset the counter. IC,, and IC,r form a 
100-Hz oscillator that drives the LCD backplane and 
the decoders’ phase inputs (pin 6), as recommended in 
the CD4543’s data sheet. 

EPROM IC; acts as a 9-bit comparator. Its output is 
high for inputs corresponding to a display of 100 and up; 
otherwise, its output is low. EDN 
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LISTING 2—PROGRAM FOR IC, 
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I AD DATA | 


40 94 74 
41 92 75 
42 91 76 
43 90 77 
44 88 78 
45 87 79 
46 86 7A 
47 84 7B 
48 83 7C 
49 82 7D 
4A 81 7E 
4B 80 7F 
4C 79 80 
4D 78 81 
4E 77 82 
4F 76 83 
50 75 84 
51 74 85 
52 73 86 
53 72 87 
54 72 88 
55 71 89 
56 70 8A 
57 69 8B 
58 68 8C 
59 68 8D 
5A 67 8E 
5B 66 8F 
5C 65 90 
5D 65 91 
5E 64 92 
5F 63 93 
60 63 94 
61 62 95 
: 96 
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111-11D 
11E-12C 
12D-13B 
13C-14D 
14E-160 
161-177 
178-190 
191-1AC 


4AD-1CD 


1CE-1F4 
1F5-221 


222-258 
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THE SCIENCE OF CONNECT IVITY 


At Thomson Components-Mostek, we've raised the science of connectivity to a fine art. So 
throughout our telecom and datacom product line, you'll find full support of the industrys leading 
protocols. | 

For example, we offer products designed specifically for the Ethernet/Cheapernet™ protocol, 
and devices dedicated to Starlan, including hub and station controllers and a general-purpose 
Manchester encoder/decoder.* And packet switching devices that meet tne ISO full-link Level 2 
standards, including a CMOS X.25 controller and CCITT Signaling System No. 7-compatible device for 
common channel signaling applications.” 

Using advanced architecture our DSP chip handles 16-bit complex numbers with ease, and 
with a 160 ns instruction cycle is one of the fastest available. And our MAFE (Modem Analog Front-End) 
chip set for V32 modem applications is the first of its kind on the market. 

A wide range of analog-digital conversion products, including a single-chip CMOS Bell 212A 
modem which also meets CCITT-V22 standards, as well as a line of single-channel THOMSON 
serial CODECs for voice switching applications are also available. 

So whatever your application requirements, come to the vendor thats 
made a science out of solving communications problems. Call (214) 466-6316 or 
contact your local sales office. 


Just ask. We have the solution, mest _ 


*Samples available Q4, 1986 LANCE is a trademark of Thomson Components-Mostek Corporation Cheapernet is a trademark of National Semiconductor. 
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Design Entry Blank 


$75 Cash Award for all entries selected by editors. 
An additional $100 Cash Award for winning design 
each issue, determined by vote of readers. Addition- 
al $1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor 
EDN 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my entry for 
EDN’s Design Ideas program. 


Name 

Title 

Company 
Division (if any) 
Street 

City 

Design Title 


Home Address 


Social Security No 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, 
must be original with author(s), must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or 
editor gives written permission for publication else- 
where. 

In submitting my entry, | agree to abide by the 
rules of the Design Ideas Program. 


Signed 
Date 


Your vote determines this issue’s winner. All designs 
published win $75 cash. All issue winners receive an 
additional $100 and become eligible for the annual 
$1500 Grand Prize. 

Vote now, by circling the appropriate number on 
the reader inquiry card. 

Submit your own design, too. Mail entries to De- 
sign Ideas Editor, EDN, 275 Washington St, Newton, 
MA 02158. 


POWERFUL NEW HAND-HELD 
TERMINALS FOR DATA COLLECTION 


Off-the-shelf 
availability. 
These easy-to-operate 
terminals give you computing 
power wherever you need it— 
from microprocessor-based 
systems interfacing to inventory 
control and data collection. 


(A) The incredible Oyster: laptop terminals. 


Ruggedized for field service. Compatible 
with VT-100 terminals, 80 col. x 24 line 
screen. 


(B) Pocket Terminals with up to 4K of EPROM: 


choice of LED/LCD displays and 


AND ON-SITE COMPUTING 


battery power 
options. Full ASCII 
character set. 
RS232/20 mA, RS422/423, or TTL 
interface. 


(C) The 84C Intelligent Terminal: 
programmable in BASIC, compatible 
with IBM PCs, has 8, 32, 64 or 256K of 
RAM. 20 x 4 line (80 characters) LCD. 
Reads all commonly used bar codes. 


All models can be customized to meet 
your requirements. Call or write today 
for details. Representative inquiries 
welcome. 


3° G.R. Electronics 


1640 Fifth St., Santa Monica, CA 90401 + Phone: (213) 395-4774 + Telex: 652337 (BT Smedley SNM) « Telefax: (213) 393-6040 


CIRCLE NO 135 


WSI CMOS RPROMs break away with 
bipolar speed and milliwatt low power. 
WSI's high-density Reprogram- 
mable PROMs feature access times 
as low as 40 NS.in2Kx8to8Kx8 % 
architectures. Matching the speed of! 
your favorite bipolar PROM. But clev- 
erly designed to offer EPROM repro- 
grammability in less than 16 sec. and 
low power consumption too. 

So don’t let RPROM technology pass you 
by. Call the WSI team today, at (800) 331-1030, = 
ext. 234,orin CA. (800) 323-3939, ext. 234. Wafer- * 
scale Integration, Inc., 47280 Kato Road, Fremont, 
CA 94538, (415) 656-5400 
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Circle No. 4, For Product Demonstration 


MINIATURIZED POWER SUPPLIES 
Shipped to you in 3 days 


Single, dual and triple output power supplies with pins provide from 5 to 28 Vdc at up to 1.25A; duals have 
for PC board mounting or with screw terminals for tracking +10, +12, +15 and +18 Vdc outputs at 
chassis mounting. Input voltage: 105-125 Vac, 47 to up to 300 ma/output. Line regulation, 0.02%; load 
420 Hz. Single outputs from 1 to 75 Vdc, to 2.5 Amps. regulation, +0.05%. Short circuit protection. High 
Duals from 1 to 28 Vdc, including +12 Vdc and +15 Vdc input/output isolation. Electrostatic shielding on all 
models to 0.5A. Optional 230-volt input. All models six sides. Typically 65% efficient 

UL recognized. Call or write for the Acopian 56-page catalog. The 
Also available are DC-to-DC converters for inputs power supply or DC-to-DC converter you order will be 


of 5, 12, 15, 24, 28 and 48 Vdc. Single output models on its way to you in three days. You can depend on it. 


P.O. Box 638, Easton, PA 18044 e« Phone: (215) 258-5441 
Call toll free: (800) 523-9478 (Except from Alaska, Hawaii and Pennsylvania) 


CYMCM P.O. Box 2109, Melbourne, FL 32902 « Phone: (305) 727-1172 
Call toll free: (800) 327-6817 (Except from Alaska, Hawaii and Florida) 
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NEW PRODUCTS 


COMPONENTS & POWER SUPPLIES 


HUMIDITY SENSOR 


@ Design minimizes degradation 
of accuracy 

@ Current and voltage outputs 
available 


The RH-8 sensor and the SCMC 
signal-conditioning microcircuits 
are for constructing humidity trans- 
mitters. The RH-8 is a bulk-resist- 
ance-polymer __ relative-humidity 
(RH) sensor. The bulk-polymer de- 
sign minimizes accuracy degrada- 
tion due to contamination and keeps 
long-term drift below 1% per year. 
Onboard temperature compensation 
provides accurate humidity outputs 
from 0 to 50°C over a humidity 
range of 0 to 95%. The SCMC-V 
provides a linearized 0 to 1V de 
output, and the SCMC-I provides a 
linearized, 2-wire, 4- to 20-mA out- 
put. In a simple circuit, the combi- 
nation of the RH-8 and an SCMC 
will produce an accuracy of +3% 
RH. RH-8, less than $20; SCMC-V, 
$15; SCMC-I, $18 (200). 

General Eastern Instruments 
Corp, 50 Hunt St, Watertown, MA 
02172. Phone (800) 225-3208; in MA, 
(617) 923-2386. 

Circle No 351 


OPTICAL SOURCES 


@ Built-in lens increases coupling 


efficiency 
®@ Minimum launch power guaran- 
teed 


The MFOE1100 Series of LEDs 
uses an AlGaAs process to enhance 
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output power, and a built-in lens to 
increase coupling efficiency. The 
package fits directly into standard 
fiber-optic connector systems. The 
output wavelength equals 805 nm 
typ. The minimum launch power (at 
Ir=100 mA for a 100-ym-core fiber) 
is guaranteed at 60 yW for the 
MFOE1100, 120 wW for the 
MFOE1101, and 180 pW for the 
MFOE1102. The emitters are com- 
patible with the company’s line of 
fiber-optic detectors. MFOE1100, 
$11.25; MFOE1101, $15.96; 
MFOE1102, $20.63 (100). Delivery, 
stock to six weeks ARO. 

Motorola Semiconductor Prod- 


CONNECTOR 


@ 10,000-cycle minimum lifetime 
© ZIF design 


A rack-and-panel connector, the DL 
Drawer ‘features zero-insertion- 
force assembly to extend contact life 
and protect against mismating. It 
uses the axial thrust of a cam to 
move the contacts into high-force 
electrical contact. The connector’s 
lifetime is 10,000 mate/unmate cy- 
cles minimum. The connector fea- 


ucts Inc, Box 52073, Phoenix, AZ 
85036. Phone (602) 244-3818. 
Circle No 352 


tures layouts of 60 to 156 contacts 
configured on a 0.1-in. grid. Con- 
tacts come in strips and on reels for 
efficient crimping by crimp ma- 
chines or stripper-crimper devices. 
Custom layouts with higher contact 
counts are also available. $0.60 to 
$0.75 (OEM qty). Delivery, 12 to 16 
weeks ARO. 

ITT Cannon, Box 8040, Fountain 
Valley, CA 92728. Phone (714) 964- 
7400. 

Circle No 353 
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DISPLAY MODULE 


@ Offers the full 96-character 
ASCII set 

@ Two lines of twenty 5x7 dot-ma- 
trix characters 


The 3601-85-040 vacuum-fluorescent 
display module features two lines of 
twenty 0.2-in.-high, 5x7 dot-matrix 
characters. An onboard wP control- 
ler handles all scan, refresh, and 
data-I/O tasks, easing the task of 
interfacing to an 8-bit ASCII paral- 
lel data bus. The module requires 
5V de for operation. It displays the 
96-character ASCII set of upper- 
and lower-case letters, numbers, 


and symbols. Display characters are 
blue green, but a spectrum of color 
filters is available. $91 (100). 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787- 
0311. 

Circle No 354 


DISPLAY 


@ Accepts 4-bit parallel data 
@ Electroluminescent backlighting 
available 


Series F642F displays are 640 x 400- 
dot LCD modules. Measuring 
10.6 7.80.5 in., each module has a 
dot pitch of 0.014x0.014 in., a dot 
size of 0.013x0.013 in., and dot 
spacing of 0.001 in. The active area 
of the display measures 9X5.6 in., 
and the viewing area is 9.36 in. 
The module accepts 4-bit parallel 
data and has CMOS drivers on an 
integral circuit board. Except for a 
character generator, the module in- 


corporates all the necessary LCD 
drive circuitry. $343.80 (100). Deliv- 
ery, eight weeks ARO. 

Seiko Instruments USA Ince, 
2290 W Lomita Blvd, Torrance, CA 
90505. Phone (213) 530-8777. 

Circle No 355 


DUAL SUPPLIES 


® Operate from either 115 or 230V 
ac 
® Regulation equals +0.02% 


Models 2.12.240 and 2.15.200 are 
modular, dual-output power sup- 
plies that offer outputs of +12V de 
at 240 mA and +15V dc at 200 mA, 
respectively. Both units operate 


UPAK. A Sm 


If your design includes an 80C31 system, EDI’s all CMOS wPak provides a space-saving 
pin to pin compatible to the 80C31, the wPak is a low power, space-saving powerhouse. 
versions, it is a Small Wonder. 


Electronic Designs Inc., 42 South Street, Hopkinton, MA 01748, USA, Telephone (617) 435-2341, TELEX 948004 
Electronic Designs Europe, Shelley House, The Avenue, Lightwater, Surrey GU18 5RF, U.K., Telephone 0276 72637, TELEX 858325 
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from either 115 or 230V ac, selecta- 
ble via jumpers or an external 
switch. The dual-input capability al- 
lows you to use equipment designed 
for the domestic market overseas 
with no modifications, because the 
230V input can handle most Europe- 
an voltages. Specifications include 
regulation of +0.02% and output 
noise of 1 mV rms. $104. 

Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. Phone 
(415) 982-3911. 

Circle No 356 


HEAT SINK 


@ Designed for TO-218 and TO-220 
packages 
@ Dissipates as much as 10W 


The 5931 heat sink is made using 
stamp technology but provides the 
thermal performance of the more 
expensive extruded devices, accord- 
ing to the company. Designed for 


yonus. With a uP, SRAM, E/EEPROM and logic on a single 40 pin substrate, 
Available for Military, Industrial and Commercial applications in 8 and 12 MHz 
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TO-218 and TO-220 packages, it 
mounts in a vertical position and 
accommodates semiconductor de- 
vices on both sides. Under natural 
convection, the heat sink dissipates 
10W max. The 1.64-in.-high heat 
sink has two solderable tabs for 
mounting. Made of aluminum alloy, 
the heat sinks are available in gold 


chromate and black, red, blue, and . 


bronze anodized finishes. $0.219 
(1000). 

Aavid Engineering Inc, Box 400, 
Laconia, NH 03247. Phone (603) 
524-4443. 

Circle No 357 
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LEDs 


® Available in 1.04- and 0.68-in. 
character heights 

@ Viewing distances range to 18m 
and 12m 


These red, 5X7 dot-matrix alphanu- 
meric LED displays, the HDSP- 
470X and HDSP-440X, have charac- 
ter heights of 0.68- and 1.04-in., 
respectively. Viewing ranges are 
18m for the 470X and 12m for the 
440X. Housed in DIPs, both dis- 


The future. . .today. 
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plays are available in either com- 
mon-row anode or common-row 
cathode versions. You can stack the 
modules to create an X-Y grid. 
They’re suitable for graphics-panel 
applications because they are cate- 
gorized according to luminous inten- 
sity, so you can choose modules that 
ensure a uniform appearance. 
HDSP-4400 Series, $7.18; HDSP- 
4700 Series, $6.65 (101). 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 
Circle No 358 


GTO THYRISTORS 


@ Handle average on-state cur- 
rents as high as 25A 
e Feature on-chip protection diode 


The BTV60D Series 15A gate turn- 
off thyristors feature an on-chip 
antiparallel protection diode, which 
has a reverse recovery time of 600 
nsec. The thyristors are for use in 
high-frequency inverters, power 
supplies, and PWM ac motor drives. 
They can carry an average on-state 
current as high as 25A, and they 
have a nonrepetitive peak on-state 
current rating of 240A. They can 
switch off a 120A anode current in 
less than 300 nsec. The thyristors 
are available with repetitive peak 
off-state voltage ratings of 850, 
1000, and 1200V, and they are 
housed in a TO-238AA package. Ap- 
proximately $20 (1000). Delivery, 12 
weeks ARO. , 
Philips, Eleoma Div, Box 523, 
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5600 AM Eindhoven, The Nether- 
lands. Phone (040) 757005. TLX 
51573. 
Circle No 359 
Amperex Electronic Corp, 
George Washington Hwy, Smith- 
field, RI 02917. Phone (401) 2382- 
0500. 
Circle No 360 


EMI FILTERS 


@ Insertion loss specified to 18 
GHz max 
@ Have no high-Q resonances 


To prevent microwave modules’ de 
inputs from carrying EMI, the 
DLT4/L/22000/S miniature chassis- 
mounting EMI-suppression filters 
have a minimum insertion loss at 
25°C of 65 dB over the 1- to 18-GHz 
range. The filters are 100% tested 
using a Sweep-frequency-measure- 
ment technique to ensure that they 
have no high-Q resonances over this 
frequency range. To achieve this 
performance, the filters incorporate 
the company’s Ceramox multilayer 
discoidal capacitors; the filters also 
have palladium electrodes to pro- 
vide long-term reliability. The de- 
vices come with a threaded stud for 
chassis mounting. £3.50 (1000). 
Oxley Developments Co Ltd, 
Priory Park, Ulverston, Cumbria 
LA12 9QG, UK. Phone (0229) 
52621. TLX 65141. 
Circle No 361 


PORT ADAPTER 


@ Transparent to a computer and 
printer 

@ Features an internal data buffer 
for storage 


This parallel-to-serial port convert- 
er, the Converser, converts the par- 
allel port of an IBM PC or compati- 
ble system to a serial port, allowing 
you to drive a serial printer. Featur- 
ing an internal data buffer that 
stores the computer’s output, the 
device connects directly to a paral- 
lel-printer cable and eliminates the 


need for serial-interface cards. 
Transparent to a computer and 
printer, the converter supports the 
most common serial protocols (X- 
On/X-Off, DTR), making it suitable 
for use with PCs and DEC printers. 
Two models are available: the 
PS-16, equipped with 16k bytes of 
buffer memory, and the PS-64, 
equipped with 64k bytes. PS-16, 
$149; PS-64, $229. 

Gold Key Electronics Inc, Box 
186, Goffstown, NH 03045. Phone 
(800) 325-0150; in NH, (603) 625- 
8218. 

Circle No 362 


GaAs FETs 


© Offer noise figures from 0.5 to 
1.2dB 

@ Operate over the 2 to 12 GHz 
range 


The ATF-10135, -10235, and -20135 
FETs come in microstrip ceramic 
packages. Suited for general-pur- 
pose and oscillator applications at 4 
GHz; these 0.5-um gate-length 
GaAs FETs are all usable over the 
2- to 12-GHz range. Noise figures 
range from 0.5 to 1.2 dB; associated 
gains run from 12.5 to 12.8 dB, and ~ 
power outputs (at 1-dB compres- 
sion) equal 18 to 19 dBm. ATF- 
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Introducing 
the new Wire-Wrap XA3. 
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10135, $6.75; ATF-10235, $6.40; 
ATF-20135, $6. 

Avantek Inc, 3175 Bowers Ave, 
Santa Clara, CA 95054. Phone (408) 
970-2583. 

Circle No 363 


SOCKETS 


@ Single-beam contact pins have 
low insertion force 
® Housing has 94V-0 UL rating 


The Series 570 stamped pin sockets 
are designed for shrink-pack ICs 
that have a 0.07-in. pin-to-pin spac- 
ing. They feature single-beam con- 
tact pins that have a low insertion 


force. The glass-filled polyester 
housing has a 94V-0 UL rating and 
features guide rails to ease the in- 
sertion process. The contact pins 
are tin-plated beryllium copper. 
Units having 40 and 52 positions 
with pins on 0.6-in. centers are 
available, as are 64-position sockets 
with center spacings of 0.75 in. 
$1.46 (1000) for 64-pin socket. 
Aries Electronics Inc, Box 130, 
Frenchtown, NJ 08825. Phone (201) 
996-6841. 
Circle No 364 


SIGNAL CONDITIONERS 


@ Laser-trimmed for high 
accuracy 

@ For electrically noisy environ- 
ments 


The input modules in the 5B Series 
of signal conditioners accept signals 
from thermocouples and RTDs as 
well as millivolt, volt, and 4- to 


20-mA signals; the output module 
provides a 0- to 20-mA or 4- to 
20-mA signal. The modules are la- 
ser-trimmed to produce a +0.05% 
accuracy. They have no potentiome- 
ters and are completely sealed. The 
modules are designed for electrical- 
ly noisy environments. They pro- 
vide +1500V isolation, 160-dB com- 
mon-mode rejection, 60-dB 
normal-mode rejection, and 240V 
input protection, and they meet 
IEEE-STD-472 to withstand 2500V 
transients. Chopper-based amplifi- 
cation ensures +0.0025%/°C max 
drift, and typical nonlinearity 
equals +0.01%. All units provide 
linearization when required. They 


BEI MOTION SYSTEMS COMPANY 
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and reliability. 
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OPTICAL ENCODER 
BREAKTHROUGH! 


_Now you can have BEI quality in an optical encoder 
priced much less than other encoding devices that aren't 
in the same league when it comes to resolution, features 


It's BEI’s new 2 inch, fully enclosed E203. And it came 
about when BEI, a world leader in optical encoder develop- 
ment, focused high tech on low cost to achieve a major 
price breakthrough. 

Techniques like common substrate sensor arrays, high- 
volume hybrid circuits and a single GaAlAs LED with a 
collimating lens ensure superior reliability and perform- 
ance at an unprecedented price: just $89.00 FOR ONE! 

._ And a lot less than that in volume OEM quantities. 
oOo The E203 gives you full performance with up to 
\ 2540 pulses per revolution. Index and open collector 
f complementary buffer driver outputs are standard. 
_ SO you can use it in a wide range of robotic, 
y / medical, process control and instrumentation appli- 
_ f cations. Best of all, you can get two week delivery with 
an unconditional money back guarantee. 
Try a BEI E203. The new incremental optical encoder 
that helps you turn a profit. To place your order call toll- 
free 1-800-ENCODER. In California call 1-619-471-2600. 
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Together At Last... 


Four improved OP-07s in a monolithic 
quad — PMI’s OP-400! High precision 
at one-quarter the power of four OP-07s, 
the OP-400 is the most accurate quad 
Op amp you can get. 


PMI's new quad op amp delivers outstanding 
gain linearity, with low offset voltage and drift 
— crammed into the standard quad pinout. 


The OP-400 wins hands down! 


OP-O7E OP-400E 


4.0 0.725 mA Max (per amp] For more information on PMI’s 
200 5000 V/mV Min — new quad OP-400, please circle 


TCVos_13 1.2 V/PC Max DOA the inquiry number. Or, call us. 
CMBR 5 ] uV/V Max ZL 1-800-843-1515. In California, call 


en 10.3 110 nV/\/Hz (10Hz) bce uaa 
Precision Monolithics Inc. 
A Bourns Company 
Santa Clara, California, USA 
408-727-9222 


FRANCE: 01-40 03 35 93; GERMANY: 0711-22 93 0; NETHERLANDS: 070-87 54 04; SWITZERLAND: 042-33 33 33, 
UNITED KINGDOM: 01-572 65 31; HONG KONG: 0-4992688; JAPAN: (03) 234-1411; ARGENTINA: 46-5776/0628/0864/2214, 
USTRIA: 0222-43 26 39: DENMARK: 02-98 63 33; FINLAND: 90-75 06 00; INDIA: 222-999: ISRAEL: (972) 3-922 39 88, 
7 46; KOREA: (02) 244-7492; NORWAY: 02-83 02 20, SINGAPORE: 747-6188; SPAIN: 01-405 42 13; | 


8 05 60; TAIWAN: (02) 752-2200, YUGOSLAVIA: 041-42 37 46 


The precision solution. 
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operate from 5V over a —25 to 


+85°C range. $105 (100). 


Analog Devices Inc, 70 Shawmut . 


Rd, Canton, MA 02021. Phone (800) 
245-3900; in MA, (617) 461-3643. ° 
Circle No 365 


ATTENUATORS 


@ Perform with an accuracy of 0.3 
to 0.5 dB 
@ 10W version spans dc to 18 GHz 


The 50 MHP Series of attenuators 
includes a 10W average power 
model with a frequency range of de 
to 18 GHz, and attenuations of 1 tu 


10 dB. A 5W model offers 1- to 
20-dB attenuations. These fixed at- 
tenuators have a VSWR of 1.35:1 
max. Attenuation accuracy specs at 
0.3 dB from 1 to 7 dB and 0.5 dB 
from 8 to 20 dB. Both models are 
equipped with SMA connectors con- 
forming to MIL-C-39012. The 10W 
model, $85; the 5W model, $65. 
Alan Industries Inc, Box 1203, 
Columbus, IN 47202. Phone (800) 
423-5190. 
Circle No 366 


SOCKET KIT 


@ Includes all necessary assembly 
parts 
e ZIF feature protects fragile pins 


The Grid ZIP PGA kits allow you to 
build custom sockets for unique and 
small-quantity pin-grid-array IC 
packages for testing and prototyp- 
ing. The kits are available in matrix 
sizes from 10X10 to 21X21 pins. All 


necessary assembly parts are in- 
cluded in the kit, including a base 
plate, a cast-metal cam lever, and 
assembly screws. You can order 
standard gold-plated beryllium-cop- 
per contacts separately. The zero- 
insertion-force feature protects 
fragile pins from damage during in- 
sertion and withdrawal. The socket 
contacts lock securely into place 
with a cam action for positive elec- 
trical contact without side-to-side 
stress on the pins. Assembly in- 
structions are included. A 10X10 kit 
with 20 contacts and pattern plugs, 
$14.95 (10). 
3M, Box 2968, Austin, TX 78769. 
Phone (512) 834-6563. 
Circle No 367 


Where to find almost any 
test environmenton Eartn. 


Plus afew that arent. 


All at one location. 
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Lockheed’s Environmental ‘Test Laboratory 
provides complete environmental, electromag- 
netic interference/compatibility and stress 

screening services on a 24-hour-per-day basis. 


We have 26 years’ experience testing all 
types of equipment under carefully controlled 
laboratory conditions. Whether your specifica- 


= 7Lockheed Electronics — 


may seem. 


tions are military or commercial, were fully 
equipped to handle your climatic/atmospheric 
simulation, structural, enclosure or noise 
testing, and much more. 

Call Jack Glavine at (201) 757-1600 
Extension 2267 or 2227 with your equipment 
test specifications. However impossible they 
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Giving shape to imagination. 
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Our 100MHz Digital 


Oscilloscope calculates, 
analyzes, memorizes...and 


it’s programmable too. 


Three 10-kiloword memories, 7” CRT display, 100MHz 
sampling clock and various data processing functions. 


In this advanced day and age you need more than just a mea- 
suring instrument. You need a unit that thinks and remembers for 
you. For high-speed transient signals, meet the VP-5740P, a scope 
with a 100MHz sampling clock and three 10-kiloword memories. 

Programming, which includes panel operation sequence and 
waveform/waveform-parameter calculations, gives you auto- 
matic measurements. Accumulated and memory waveforms 
and corresponding digital information can be viewed on a large 
7" CRT display. You also have GP-IB interfacing plus a wide var- 
iety of built-in computer functions including interpolation and 
YES/NO decisions. And, as a non-storage oscilloscope, the 
VP-574OP offers high performance with 100MHz dual trace 
and delayed sweep. 

For more information or a free demonstration, contact your 
local Panasonic Instrumentation representative or: Panasonic 
Industrial Company, Memory Systems Division, One Panasonic 


Way, Secaucus, NJ 07094. 
(201) 392-4050. Pp an 2a Ss oni re 
Industrial Company 
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e 100 Megasamples per/second 
digitizing 

e Three 10K word memories 

@ 35MHz single shot 


e Internal programming capabilities 
(up to 1000 steps) 


e Math pack, algebraic and 
calculus functions 


e Advanced cursor function 


e Rise-time calculations with auto 
min-max feature 


® Waveform expansion 


® 100 MHz analog 2-channel 
oscilloscope 


® Auto-ranging 

e Alphanumeric display 

e wP control-front panel 

e GP-IB standard 

e Multiple YES/NO function 

e Future memory expandability 
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ATTENUATOR KIT 


@ All attenuators are fully 
shielded 

@ Individual attenuators available 
for replacement needs 


The RFA-4057-1 attenuator kit in- 
cludes six 1W BNC in-line attenua- 
tors in values of 1, 2, 3, 6, 10, and 20 
dB. All units are fully shielded and 
then molded in a color-coded plastic 
sheath to indicate the value. The 
attenuators operate to 1.5 GHz and 
have an accuracy of +0.2 to +0.6 
dB. All BNC fittings have gold pins 


256 


and are silver plated. The attenua- 
tors come in a sturdy storage case. 
Individual units are available for 
replacement purposes. $69.95. 

RF Industries, 690 W 28th St, 
Hialeah, FL 33010. Phone (800) 233- 
1728; in FL, (805) 888-1676. 

Circle No 368 


OPTICAL MODULES 


@ Eliminate need for external pe- 
ripheral circuitry 

®@® Operating range spans several 
kilometers 


The 10M-bit HFE4010 transmitter 
and the 5M-bit HF'D3000 have all 
the necessary driver circuitry inte- 
grated into the same package and 
thus eliminate the need for external 
peripheral circuitry. The receiver 
has a sensitivity of less than 1 pW, 
allowing operation over several ki- 
lometers. It contains a photodiode, a 
preamplifier, gain stages, a TTL 
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output stage, and a regulator. The 
transmitter includes a GaAlAs LED 
(with a microlens) and a TTL-com- 
patible driver circuit. The operating 
range is —55 to +125°C; the parts 
operate from a 5V supply. Both 
devices are housed in TO-46 metal 
packages that can be mounted in a 
variety of receptacles or active con- 
nectors. HF E4010, $22; HFD3000, 
$19.47 (100). 

Honeywell Optoelectronics Div, 
830 EK Arapaho Rd, Richardson, TX 
75081. Phone (214) 234-4271. 

Circle No 369 
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EDN REPRINTS 


A Designer’s Guide to: 


CMOS ICs 


As featured in EDN Magazine 


A Designer’s Guide 
to CMOS ICs 


CMOS is fast becoming the chosen 
technology for developing integrated 
circuits. That's because CMOS ICs 
are able to implement ultra-complex 
system-level functions on a chip! 
Now you can meet the special 
challenges posed by this new breed 
of ICs with A Designer's Guide to 
CMOS ICs. You'll learn the advanced 
design and fabrication techniques 
required. Plus the latest linear and 
digital CMOS ICs available. 


Mail coupon to: 


EDN Reprints 

EDN Magazine 

Cahners Building 

275 Washington Street 
Newton, MA 02158-1630 


A pry spas Guide to: 
Semicustom | 
Integrated Circuits 


A Designer’s Guide 
to Semicustom 
Integrated Circuits 


Learn how to design a semicustom 
IC with A Designers Guide to Semicustom 
Integrated Circuits. Based on EDN’s 

own design experience, this nine- 
chapter booklet outlines the com- 
plete procedure used to design, 
fabricate, and test EDN 1, a chip 
with a 1200 equivalent-gate com- 
plexity. You'll not only learn the 
steps to take when creating ICs, but 
also the design/cost analyses and 
vendor-interface methods that lead 
to successful semicustom chips. 


Gudete 
Innovative _ 
Linear Circuits 


As featured in EDN Magazine By Jim 


Williams 


A Designer’s Guide 
to Innovative Linear 


Circuits 


As exciting as digital technology 1s, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN is offering a 
wealth of analog design informa- 
tion in A Designer's Guide to Innova- 
tive Linear Circuits. This 186-page 
collection of articles was developed 
by Jim Williams, one of America’s 
foremost linear-circuit designers. It 
includes practical and efficient ways 
to use op amps, comparators, data 
converters, and other analog ICs, 
and discusses the theories behind 
all the design techniques presented. 


Please print clearly. This is your mailing label. 


NAME 


Please send the following Designer’s Guide(s): 


____copies of A Designer’s Guide to CMOS ICs 
XO $ 6.95 UPS C1) $10.95 non USA 


(BANK DRAFT ONLY) 


te 


COMPANY 


____copies of A Designer’s Guide to Semicustom Integrated Circuits 


O $ 6.95 UPS OU $10.95 non USA 


(BANK DRAFT ONLY) 


ADDRESS 


____copies of A Designer’s Guide to Innovative Linear Circuits 


0 $14.95 UPS LU $19.95 non USA 


(BANK DRAFT ONLY) 


CITY 


ae 


Check or money order made out to EDN REPRINTS must accompany each 


order, No COD. Mass. residents add 5% sales tax. 
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Stanley LEDs 
perform< 


When you're brighter and more 

colorful than most, you just naturally 

stand out. And nothing outshines 

the exciting new LEDs, LCDs and 

display units from Stanley. Our red LED, 

the world’s brightest, is just one of the many 

colorful ways that we can help you and your product 

to stand out. Contact the Stanley distributor nearest you. 


&@ Stanley Dot Matrix LCD Module for Graphic 
Displays 

Compact, lightweight and thin, this clear high- 

contrast display packs plenty of graphic information 

into your handheld computer, message display 

equipment, or word processor. 


@ Stanley DN304 Ultra-High Power Infrared LED 
Features ultra-high radiant power (GaAlAs type), 
850nm peak wavelength, and ultra-high-speed 
response. The wide directivity characteristics 
(A6 =35 degrees) enable wide-angle radiation. 


(AG=15 degrees). 
80mW/sr). 


ELECTRIC CO.,LTD. 

Electronic Equipment Export Section 

2-9-13 Nakameguro, Meguro-ku, Tokyo 153, Japan 
Telephone: (03) 710-2557 Facsimile: (03) 792-0007 
Telex: 2466623 SECTOK J 
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@ Stanley Dot Matrix LCD Module @ Stanley Large-Sized LED Graphic Displ 
Full alphanumeric capacity is provided by this high- 
performance module with 5 x 7 dot matrix 
characters. All control, refresh and display functions 
are executed by an on-board driver. 


@ Stanley DN305 Ultra-High Power Infrared LED 
GaAlAs type LED with 850nm peak wavelength, 
ultra-high-speed response and narrow directivity 
High 
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ay Unit 
For words and pictures that make a moving display 
that is big-as-life, these units are X-Y stackable in 
units of 16 x 16 dots. 


@ Stanley Hi-Super 

Bright LED 

The world’s brightest 

LED.Continuous Liquid Phase 

Epitaxial Growth Technology produces 

radiant intensity (I,= the aurora-bright intensity of 3000mcd for all your 
outdoor displays. 


Stanley LED/LCD Agents Overseas ® DENMARK/DITZ SCHWEITZER A-S Tel: 02-453044 Telex: 
33257 @®FINLAND/TELETEKNO OY Tel: 0-717566 Telex: 122124 @®FRANCE/A. JAHNICHEN & CK 
Tel: 387-59-09 Telex: 290714 @FRGERMANY/ELITE ELEKTRONIK UND LICHT GMBH & CO. KG 
Tel: 08094-18152 Telex: 527353 ®BENELUX/LOHUIS LAMPEN BV. Tel: 01606-2651 Telex: 54145 
@®SWEDEN/AB BETOMA Tel: 08-820280 Telex: 19389 @SWITZERLAND/DEWALD AG Tel: 
01-4827711 Telex: 815200 ®UNITED KINGDOM/STC MERCATOR Tel: 0493-844911 Telex: 975441 
@CANADAIDESKIN SALES Tel: 416-475-1412 Telex: TWX610-492-5113 @US.AJAC. INTERFACE, 
INC. Tel: 714-841-6090 Telex: 655328 
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NEW PRODUCTS | 


COMPUTERS & PERIPHERALS 


BUS EXPANSION 


@ Multibus-to-Multibus interface 
@ Worst-case command time of 15 
NSEC 


The Syner-System Repeater 2100, a 
Multibus-to-Multibus, real-time in- 
terface, transmits commands from 
chassis to chassis in 15 nsec max. It 
establishes connections via five 
twisted-pair, flat-ribbon cables ar- 
ranged in a signal/ground/signal 
configuration that minimizes cross- 
talk. IDC (insulation-displacement 
contact) cable headers allow you to 


PRINTER 
@ Melts solid-ink pellet before 
printing 

@ 480-dot/in. horizontal resolution 
The Model SI 480 solid-ink printer 
lays down 480 dots/in. in the hori- 
zontal direction when printing at 
200 eps, and 240 dots/in. when print- 


ing at a speed of 400 cps. The print- 
er, using ink that is stored as a solid 
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connect the systems with FCC-ap- 
proved cables. All address, data, 
and control signals can sink as much 
as 48 mA. In a system using 5-nsec 
transceivers, signal transfers are 
asynchronous and _ bidirectional. 
Worst-case system overhead is 55 
nsec, excluding cable delay. The in- 


terface conforms to Multibus specifi- | 


eation 501310, revision 04 (6/82). 
$1495. 

HVE Engineering Inc, 1684 Dell 
Ave, Campbell, CA 95008. Phone 
(408) 370-4666. TLX 467956. 

Circle No 370 


pellet, achieves letter-quality print- 
ing at speeds of 200 or 400 cps. The 
solid-ink process melts the pellets 
and then fires ink through nozzles at 
the print target, where the ink so- 
lidifies as a fine dark dot. Two font 
styles come as standard offerings, 
and an additional library of type 
styles is available as an option. You 
can use the printer with the RS- 
232C and the Centronics parallel- 
interface protocols. Standard paper- 
handling capability includes 
automatic feeding (for cut-sheet 
paper) and tractor feeding. Basic 
unit, including automatic sheet 
feeder, tractors, two fonts, and two 
interfaces, $2795. 

Dataproducts Corp, Box 746, 
Woodland Hills, CA 91365. Phone 
(818) 888-4014. TLX 674734. 
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MULTIBUS COMPUTERS 


@ Four 80386-based single-board 
computers 

@ Dual-bus structure and onboard 
cache increase throughput 


The iSBC 386/21, 386/22, 386/24, 
and 386/28 single-board computers, 
based on the company’s 16-MHz 
80386 32-bit uP, offer 1M, 2M, 4M, 
and 8M bytes of 32-bit memory, 
respectively. By using surface- 
mount, add-on modules, you can ex- 
pand the memory to as much as 16M 
bytes. The increased memory pro- 
vides you with direct CPU access to 
memory through a 64k-byte no- 
wait-state cache. The boards em- 
ploy a dual-bus structure: a 32-bit- 
wide bus for data transfers between 
the CPU, cache, and dual-port 
memory; and a 16-bit bus for trans- 
fers over the Multibus or iSBX bus. 
The 2-bus configuration gives the 
boards the advantage of the high- 


performance, 32-bit 80386 processor 


and allows the boards to maintain 
full compatibility with the Multibus 
architecture. 386/21, $4800; 386/22, 
$5970; 386/24, $8310; 386/28, 
$12,990. 

Intel Corp, Literature Dept, 
#W-332, Box 58065, Santa Clara, 
CA 95052. Phone (503) 640-7399. 
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ANALOG I/O 


@ Board with programmable A/D 
and D/A conversion 

@ Onboard filtering for anti- 
aliasing 


The AN-I/O Series PC-DMA board 
operates in an IBM PC or in compat- 
ible computers to perform 12-bit 
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Controller 


Display 
Panel 


RS232C 


Mitsubishi Enhances 
Single-Chip Solutions. 


Fast design. 
Short product introduc- 
tion cycles. Microcontroller per- 
formance. Optimum integration that 
gets your designs to market quicker 
than you ever thought possible. 

Mitsubishi’s Series 740 single-chip 
MCUs for telecommunications, 
office and factory automation, com- 
puter peripherals and consumer 
applications. 

Over two dozen Series 740 devices 
offer combinations of powerful on- 
chip features: 

LJ Up to 10K bytes on-chip ROM, 
512 bytes RAM 

L] Up to 56 I/Os 

L] UART 

L] A-D/D-A converters 

LJ Pulse width modulation (PWM) 
functions 

L] Power-down mode for low-power, 
battery back-up (3V) operation 


Real-Time 
Clock 


sen. Remote 


The Series 740 is supported with 
comprehensive development systems, 
including software that runs on MS/ 
DOS-based computers (IBM-PC/ 
AT/XT™) and CP/M™ systems. 


a 


In-circuit emulator (ICE) boards, 
EPROM development chips (with up 
to 8K bytes on-board EPROM) and 
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Industrial/ 

Instrumentation 

© Industrial Controllers 

~ Medical 
Instrumentation 

” Robotics 

- Security Systems 


Computer Peripherals 

© Intelligent Terminals 

~~ Digital Plotters 

~ Printer Controllers 

« Input Devices- 
Keyboard Mouse 

- Sheet Feeders 


Telecommunications 
=) Modems 

Pagers 

Cellular Telephones 

™ Portable Telephones 

© CATV Decoders 


Consumer 

® Security Systems 

"| Smart Audio Systems 
© Toys 


Control 


Series 740 MCU’s (Partial Listing) 


debugging systems provide fast, easy 
design. Plus, you can shorten your 
product introduction cycles with one- 
time-programmable (OTP) versions. 

Upward compatible with the 6502 
instruction set, the Series 740 offers 
13 extra instructions and augmented 
addressing modes. 

For single-chip solutions, backed 
by extensive MCU experience and 
leadership, call or write Mitsubishi 
Electronics America, Inc., Semicon- 
ductor Division, 1050 East Arques 
Avenue, Sunnyvale, CA 94086. 
(408) 730-5900, Ext. 2314. 


Chali; Prough Conmitneat 


MITSUBISHI 
ELECTRONICS 
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Mecubahi 250 CMOS’ MCU 


3 
: 
3 
i 


Remote 
Control 


ida athas: 
On-Board 
LCD Controller. 


From medical instrumentation to 
portable computers. They’re the perfect 
single-chip solution. Mitsubishi’s 8-bit 
CMOS MCUs, the M50930FP, 
M50931FP and M50932FP MCUs. 
They offer more ROM, RAM, timers 
and I/Os, plus easy LCD driver control 
up to 128 segments and low-power 
battery back-up (3V) operation. Ideal 
for portable applications. 

All the subsystems you need in one 
80-pin flat package for quick, cost- 
effective, space-saving system design. 


*Under development 


For single-chip solutions, call or write 


Mitsubishi Electronics America, Inc., 
Semiconductor Division, 1050 E. 
Arques Avenue, Sunnyvale, CA 94086. 
(408) 730-5900, Ext. 2314. 


Dualit, Prctgh Commitment 


MITSUBISHI 
ELECTRONICS 
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A/D and D/A conversion at rates to 
100 kHz. An onboard, dual-channel 
DMA controller handles sample con- 
version. You can override the hard- 
ware timing control and execute 
software-commanded conversions. 
You can also access an input multi- 
plexer on a channel-by-channel basis 
or via an autoscan approach. Also 
accessible through software are the 
gain and offset settings of an on- 
board instrumentation amplifier, as 
well as control of onboard 5-pole 
active filters that are used for antial- 
iasing and signal smoothing. $1250. 
Canetics Inc, Box 70459, Pasade- 
na, CA 91107. Phone (818) 584-0488. 
Circle No 373 


VME ENGINES 


@ 20-MHz, no-wait-state 68020 
CPU board 

@ Lower-cost version operates at 12 
MHz 


The CPU-21A 68020 CPU board, 
which operates at 20 MHz, increases 
the speed of the manufacturer’s 
VME Bus products by as much as 
20% over its other CPU boards. The 
CPU-21S is a lower-cost board set 
that operates at 12.5 MHz. All CPU- 
20/21 boards in the series use static 
RAMs, which improve performance 
by eliminating wait states. Using 
the manufacturer’s local-memory in- 
terface, you can access the static 
RAMs located on VME Bus com- 
panion boards through a 96-pin DIN 
connector in the center of each 
board. Both boards include 512k 
bytes of static RAM, a 512k-byte 
EPROM, and a 68881 floating-point 
coprocessor that operates at clock 


rates compatible with the CPU. 
CPU-21S, $2995; CPU-21A, $6995. 
Force Computers Inc, 727 Uni- 
versity Ave, Los Gatos, CA 95030. 
Phone (408) 354-3410. 
Circle No 374 


ACCELERATOR 


@ Speeds software for the IBM 
PC/AT 

@ Based on 80386 pP and high- 
speed cache 


The 386 Turbo accelerator card has 
a 1M-byte cache memory with a 
100% hit rate. The cache responds 
to all write operations in the lower 
1M byte of the memory map; conse- 
quently some software written for 
the IBM PC/AT and compatible 
computers (for example, DOS, ROM 
BIOS, EGA ROM) executes out of 
eache. You can enable read opera- 
tions from the cache via software in 
three segments: main memory, 
video memory, and ROM BIOS 
memory. $1995. 

American Computer & Periph- 
eral Inc, 2720 Croddy Way, Santa 
Ana, CA 92704. Phone (714) 545- 
2004. 

Circle No 375 


CONTROLLER 


@ For process control and data log- 
ging 

@ Display, printer, and controller 
in one package 


The SP-311 Industrial Interface 
Station, available in panel or rack- 
mount enclosures, is a computer for 
process control and data logging. It 
houses a 2-color, 40-column printer; 
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a 1X16-character, alphanumeric, 
backlit LCD; and three program- 
mable pushbutton switches. An RS- 
232C port, a 20-mA current loop, or 
an 8-bit Centronics parallel input 
provides the interface to the station. 
Data rates vary from 50 to 7200 
baud. A 7k-byte rotary buffer elimi- 
nates the need for an external 
spooler. An internal real-time clock 
output is available for display, for 
time-stamping data, or for process 
timing. The station measures 
10.5X7X7.5 in. It operates over 0 to 
00°C and accepts a 115V ac or a 12V 


de input. $835. 

Syntest Corp, 40 Locke Drive, 
Marlboro, MA 01752. Phone (617) 
481-7827. TWX 710-790-7659. 

Circle No 376 


PRINTER 


@ Battery-powered version with 
Centronics parallel interface 

® Prints 200 pages between re- 
charges 


The portable, battery-powered ver- 
sion of the Thinkjet printer now 
incorporates a Centronics parallel 
interface, previously available only 
on the ac-powered version. The 
printer utilizes the ink-jet method 
of printing; because no contact oc- 
curs between the printhead and the 
medium, the printing noise level is 
much lower than that of an impact 
printer. The built-in battery pro- 
vides enough power to print as 
many as 200 pages between re- 


charges. The printer produces 150 
eps in an 11X12 dot-matrix format, 
and multiple print sizes are avail- 
able. It weighs 5.5 lbs., measures 
11.5X8.1X3.5 in., and accommo- 
dates single-sheet or tractor-feed 
paper. The printhead is combined in 
a module with the ink reservoir to 
simplify replacement when the res- 
ervoir runs dry. Four ink colors are 
available: black, blue, red, or green. 
$495. 

Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 

Circle No 377 


You Don’t Need a Thousand Words 
When You Have a Picture Like This! 


The image quality 


demonstrated here is re- ; 
quired by your customers .. . oe 
and will be appreciated! They Large Image Area 
expect THE BEST from original 

equipment manufacturers. 

You can provide it! While 

other video monitor venders 

claim, "about 100 + MHZ2"’ 

video bandwiadth,* Video 

Monitors, Inc. provides it! 

While other vendors claim, 

“full gray-scale color capabili- 

ty,’ VMI delivers it! 


And if your customers or 
you need semi-custom or 
custom designs, VMI can pro- 
vide this service. These are 
just a few of the reasons why 
Video Monitors, Inc. should be 
your supplier of very high 
resolution monitors. 


3933 North White Avenue 
Eau Claire, Wisconsin 54703 
(715) 834-7785 


Unretouched photograph 
*3.5 NS max. rise & fall time measured at CRT cathode. 


State-of-the-Art Technology 
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Avocet offers an entire line of low-cost 
microprocessor development tools. 


Target Microprocessor 
Families Supported 


1802/1805 68000/68010 COP400 
6502/65C02 68020 HD64180 
6801/6301 8048/8041 NEC 7500 
6804 8051 TMS-32010 
6805/6305 8085 TMS-32020 
6809 8096 Z8 
68HCll F8/3870 Z80 


Host Operating Systems 
CP/M DOS VAXUnix VAX VMS 


AVMAC Macro 
Assemblers..............from $349 
AVSIM Simulator/ 

Debuggers ..............from $299 
Other Development 

tools .............Call for full catalog 
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Microprocessor development 
tools without the shock 
of a big price tag. 


The AVMAC family of assemblers from Avocet 
lets you develop microprocessor code on your 
personal computer or VAX. Avocet has been 
developing PC software since before there were 
PC’s. Our products have been refined over sev- 
eral generations giving you powerful and flexible 
development tools. They work with your existing 
operating system and text editor, so they’re 
easy to install and easy to use. 


Do all of your development on 
a single PC or VAX without 
switching systems. 


If your next project calls for a different micro- 
processor, just call Avocet. There are Avocet 
assemblers for most common microprocessor 
families. So modifying your development system 
is as easy as changing diskettes. Check the 
chart—the assembler you need is probably there. 


Call 1-800-448-8500. 


Avocet Systems Inc., 120 Union St. 
P.O. Box 490, Rockport, ME 04856 


AVOC 
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With Avocet, you’re wired into a 
family of support products you 
can trust. 


Each assembler package includes the AVLINK 
linker, AVLIB librarian, AVREF cross-reference 
generator and other utilities. And Avocet also 
offers you a host of other tools you need, such 
as TRICE self-powered in-circuit emulators. 
AVPROM programmers, text editors and the 
AVSIM full-screen simulator/debugger. So the 
PC on your desk can hold a workbench full of 
development tools. 


Try before you buy. And we'll 
ship in 48 hours or less. 


You probably need your tools right away. And 
that’s when you’ll get them. When you order 
from Avocet, we’ll also send you a complete 
demonstration kit for both our assembler 
and our AVSIM simulator/debugger. 

Try the demo for thirty days—if you aren’t 
completely satisfied, we’ll refund your purchase 
price, less $35.00 for the demo disk. That’s 
yours to keep, which is a good deal by itself! 
We’re sure you'll find Avocet the best connec- 
tion you’ve ever made. 
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DISPLAY 


@ Plasma-panel interface for IBM 
PC/AT and compatibles 

e@ Interface includes software 
driver 


The PDC 100 display controller pro- 
vides timing and control signals that 
drive the IBM 591 plasma-panel dis- 
play. The controller operates with 
an IBM PC/AT or with compatible 
computers and includes a PC/AT 
interface, a program RAM, an 8086 
wP, an 82786 graphics-controller 
chip, a screen-image RAM, and the 


NEW precision instrument for voltage 
measurement of high voltage D-C 


plasma-panel interface. You can 
download graphics commands and 
routines to the program RAM, or 
you can issue commands directly to 
the 82786 graphics coprocessor. The 
512k bytes of image RAM that’s 
available corresponds to five sepa- 
rate bit maps. All the buffers and 
control circuitry required by the 
plasma display are included on the 
board. Interface board with 82786 
chip and plasma panel, $4700. 
Infograph Inc, 331 Rio Grande 
St, Suite C, Salt Lake City, UT 
84101. Phone (801) 521-0079. 
Circle No 378 


VIDEO CONTROLLER 


@ EGA video controller for STD 
Bus 

@ Combines capabilities of the 
EGA, CGA, and MDA 


The ZT 8844 EGA video graphics 
controller (VGC) provides compat- 


power supplies 
that also measures 


A-C ripple component 


Three models rated at 50, 100, 
200 KVDC max 


Measurements accurate to 
0.25% of full scale 


Guarded and equipotentially 
shielded for minimum leakage 


Temperature coefficient: less 
than 100 ppm/degree C 


Voltage coefficient: less than 1 
ppm/volt 


The Glassman RD Series 


GLASSMAN HIGH VOLTAGE INC. 


Route #22 (East), Salem Park, P.O. Box 551, Whitehouse Station, N.J. 08889 
(201) 534-9007 * TWX 710-480-2839 
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ability with the IBM Enhanced 
Graphics Adapter (EGA) for STD- 
8088 systems. You can use the VGC 
to display scientific and process-con- 
trol information from STD Bus envi- 
ronments. The capabilities of the 
EGA, IBM’s Color Graphics Adapt- 
er (CGA), its Monochrome Display 
Adapter (MDA), Hercules Mono- 
chrome Graphics, and Plantronics’s 
Colorplus mode all reside within the 
controller. Running under the STD 
DOS and STD MultiDOS operating 
systems, the VGC combines the 
card and operating systems and pro- 
vides access to the library of PC- 
DOS-compatible graphics pro- 
grams. The controller can sense 
whatever mode is required by the 
application software and automati- 
cally switches between modes such 
as EGA and CGA. ZT 8844 with 
BIOS EPROM, $565. 

Ziatech Corp, 3433 Roberto Ct, 
San Luis Obispo, CA 93401. Phone 
(805) 541-0488. TLX 4992316. 

Circle No 379 


VME CONTROLLER 


@ DMA-driven peripheral 
controller 


® Controls eight SCSI initiator or 
target devices 


The VSCSI is a single-board VME 
Bus controller that can drive eight 
SCSI devices, such as cartridge 
tape drives, hard disks, floppy 
disks, optical memories, and print- 
ers. The board has a 10-MHz 68000 
wP that operates with no wait 
states, 512k bytes of dual-port RAM 
with parity-error checking, and a 
64k-byte EPROM. An NCR 5380 
SCSI controller, coupled with a pro- 
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The Sine of a Good Generator 


Purity * Precision ¢ Sp 


@ typically 0,0006% (-105dB) distortion in the audio range @ heterodyne synthesis give 


@ +0,1192mHz frequency accuracy throughout the 0,2Hz (<0,1ms) of frequency and amplitude | 
to 200kHz range @ memory sweep feature with pre-defined amplitude weightin 
@ precision attenuator with +0,026dB (40,3%) accuracy ® two models: Sine Generator Type 1051 and Sine/Noise 


across the entire 100uV to SV range Generator Type 1049 
@ very fast response time for all functions via IEEE-488 interface _ 


> ae | 8 

Gl 
5rue & Kjzer : 
Bruel & Kjaer Instruments, Inc. 
riborough, Massachusetts 01752- (617) 481-7000: [WX: 710-347-1187 


xt, 139 - NJ (201) 227-6100 - MD (301) 948-0494 - GA (404) 951-0 


6 
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prietary DMA engine that allows 
16-bit interrupt-driven DMA trans- 
fers anywhere in local or VME ad- 
dress space, is also part of the pack- 
age. The board supports 1.5M-bps 
asynchronous data transfers and has 
a burst transfer rate of 4M bps 
When you add a serial interface 
board, the VSCSI can also act as a 
VME Bus master. $1785. 

Dual Systems Corp, 2530 San 
Pablo Ave, Berkeley, CA 94702. 
Phone (415) 549-3854. 
| Circle No 380 


OUTPUT BOARD 


@ Provides 16 isolated 60V/2A 
open-drain outputs 

@ Has optocouplers to help you 
read back actual output status 


The .TSVME-407 is a_ double- 
Eurocard VME Bus board that pro- 
vides you with 16 open-drain iso- 
lated outputs capable of switching 


currents as high as 2A. The outputs 
have a nominal operating voltage 
range of 12 to 60V; the breakdown 
voltage is 100V. Isolation between 


the outputs and the VME Bus 


ground is 1500V, and isolation be- 
tween individual outputs is also 
1500V. Additional optocouplers 
allow you to read back the actual 


Technipower 


Does The Job 


eS OP ae 


Right! 


“Mil-Qual” Modular Switchers 


Specify Technipower’s “Mil-Qual,” 
modular switching power supplies 
and obtain the performance and relia- 
bility you expect from expensive cus- 
tom builts. Our economical Series 
YC-95.and V-80, sealed AC/DC-DC/DC 
Switchers deliver more than 100,000 
hours of MTBF stress levels (up to 
95°C base) plus ratings to 400 Watts. 
Whether it’s Robotics...Nuclear 
power control. ..Industrial process- 
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ing...Oil exploration...or EW/De- 
fense, Technipower does the job 
right! Hundreds of models to choose 
from plus custom modifications. 5 
year warranty. Send for Catalog. 


You'll Think They’re Custom Built! 
TECHNIPOWER 
A Peril 1 company 


P.O. Box 222, Commerce Park, Danbury, Conn. 06810 
Tel: (203) 748-7001 TWX: 710-456-9280 
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status of individual outputs, and an 
automatic survey mode generates a 
VME Bus interrupt if the actual 
output states and the programmed 
states differ. You can program the 
interrupt level and interrupt vector. 
The slave VME Bus interface occu- 
pies four 16-bit words of address 
space. The board has 16 channel- 
status LEDs on its front panel. Fr fr 
10,300. 

Thomson Semiconducteurs, 43 
Ave de l|’Europe, 78140 Velizy, 
France. Phone (1) 39469719. TLX 
204780. 

Circle No 381 

Thomson Components-Mostek 
Corp, 7950 E Redfield Rd, Scotts- 
dale, AZ 85260. Phone (602) 951- 
2900. 


Circle No 382 


1-BOARD COMPUTER 


@ Provides IBM PC/AT-compati- 
ble environment for MS-DOS 3 

@ Includes a power-fail nonmask- 
able interrupt 


The Kat-Board is an 80286-based 
single-board computer that provides 
an IBM PC/AT-compatible environ- 
ment for running MS-DOS version 
3. The processor normally operates 
at 10 or 12 MHz, but you can switch 
it via software to an IBM PC/AT- 
compatible 6-MHz, 1-wait-state 
mode. The computer is equipped 
with 1M byte of parity-checked, 
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HARE AOL 


¥ MULTICONTACT me Bees 
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AUDIO- 
¥ VIDEO 


@ HIGH VOLTAGE 


SOGHH Ss OOHSOSCO A SGOes 


CUSTOM DESIGN & 


@ CABLE ASSEMBLY 


MULTICONTACT @ MIXED @ COAX @ TRIAX @ HIGH VOLTAGE 
DL LEME Mile 


THERMOCOUPLE @ ENVIRONMENTAL @ FLUIDIC/ PNEUMATIC 
AUDIO VIDEO @ FIBER OPTIC @ NUCLEAR @ HERMETIC ELECTRONIC CONNECTORS 


PLASTIC @ CABLE ASSEMBLIES @ CUSTOM DESIGN 


For technical data and catalog or the name of your 


LEMO connectors feature the unique “Quick-Lok” self-latching local representative, please call or write: 
quick connect-disconnect positive locking mechanism, gold LEMO USA, INC. 
plated contacts and rugged, space saving design. eos aay Santa Rosa, CA 95406 


telex 340-933, telefax 707/578-0869 
CIRCLE NO 152 


For more information see EEM. 
See us at the San Diego Electronics Show Booth Number 136 
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zero-wait-state dynamic RAM 
(which you can upgrade to 4M 
bytes); you can also purchase the 
board with as much as 512k bytes of 
static RAM. The board can address 
16M bytes of memory. Two onboard 
sockets for EPROMs have capacities 
as high as 512k bits. The board 
comes with a battery-backed, real- 
time clock/calendar, a 64-byte 


CMOS RAM, and a socket for an 
80287 math coprocessor. The 80286 
CPU has a nonmaskable interrupt 
for parity errors in the system 
RAM, for an offboard interrupt, 
and for power-supply failure. It also 
has two interrupt-controller chips 
for a total of 16 maskable inter- 
rupts. Additional onboard support 
includes a serial data keyboard con- 


Graphic Controller Board 
GRC 01/02 


@ High resolution, 1280 x 
1024 pixels. Command 
settable raster parameters. 
Up to 64 MHz. 


@ Hitachi HD63484ACRTC 
with enhanced graphic 
drawingcommands-line, _ 
rectangle, circle, polygon 
ellipse, arc, filled rectang 
paint, pattern, copy etc. 

@ Drawing speed uj 

500 ns per pixel fe 
chrome or color aj 

@ Abit (16c 

board. Expandabl 

65.536 colors throug 

3 slave-boards, 

@ 8 bit video DAC with pro. 
grammable color look-up 
table (max. 256 colors ou 
of 250.000) available as 
piggyback. : 

@ 512 K byte (= 1 Mpixel) 
dual ported on-board RAM. 
@ Independent X and Y 


troller, a timer/counter, a speaker 
output, and control/status ports. 
The board requires 5, 12, and —12V 
supplies and consumes approxi- 
mately 4A from the 5V supply. It is 
supplied with an MS-DOS 3 diskette 
and a compatible ROM BIOS. DM 
2600 (100). 

Kontron Mikrocomputer 
GmbH, Oskar-von-Miller-Strasse 1, 
8057 Eching, West Germany. Phone 
(08165) 770. TLX 526719. 

Circle No 383 

Kontron Electronic Inc, 630 
Price Ave, Redwood City, CA 
94063. Phone (415) 361-1012. 

Circle No 384 


GRAPHICS CONTROLLER 


@ For the G64 Bus 
© Displays 256 colors from a pal- 
ette of 262,144 


The GESVIG-4 display controller is 
a G64 Bus-compatible card that 
comes on a single-height Eurocard 
and displays as many as 640x480 
pixels on a noninterlaced screen. 


You can display 256 colors from a 
palette of 262,144. The controller 
can draw at a rate of 2.5 million 
pixels/sec and supports vector and 
circle drawing as well as pattern 
filling, zooming, and windowing. 
The controller is supported by a 
VDI-compatible software driver, 
the GESGPS-3, which operates in 
Microware’s (Des Moines, IA) OS-9, 


zoom-factors. 


@ Interlaced or non-inter- 
laced operation. 


@ Lightpen input. 
@ 32 bit interface 


@ Programmable attributes: 
Blink background color, 
maskable planes, inverted 
video, interrupt on VSYNC. 


@ Configurable output: 


RGB, RS 343A, RS 170 and @ Highspeed hardwarese- Software: 


— — soa @ 05-9 driver software a 68000-based operating system. 
ardware crosshair modes: Transparent, over- ilable. x ; > 
Cursor. 2 lay, blink. Unlimited soft- igen ‘capitation GESVIG-4, $1250; GESGPS 3, 

ware windows. ee $250. 


@ 3 high speed hardware 

selectable horizontal split 

screens. Unlimited software 
split screens. 


SOOn. 


Gespac Inc, 100 W Hoover Ave, 
Mesa, AZ 85202. Phone (602) 962- 
5559. 


@ Planes configurable for 
blink with programmable 
background colors. 


Circle No 385 
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Only Telebyte gives you a data line monitor 
with 4 protocols and change from $2000. 


Netscope is Telebyte’s high-per- 
formance, low-price portable data- 
line monitor for SDLC and X.25 
environments which also monitors, 
emulates and BERT tests ASYNC, 
SYNC and ISOCHRONOUS proto- 
cols using ASCII and EBCDIC codes. 

Netscope is the only data line mon- 
itor for under $2000 which offers: 
¢ user-programmed emulation and 

testing using state diagrams; 


¢ split-screen full duplex, time-correlated display of 
terminal/modem traffic for SDLC and X.25; 


e soft QWERTY and hex keyboards; 


e 0-to-56K baud monitor with 19.2K baud emulate 


and test data rates; 
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¢ non-volatile memory for config- 
uration, messages and test; 

e 16 line by 64 character display 
on 5” CRT; 

e easy field upgrades of operating 
system through chip replacement; 
and 

¢ optional light pen for faster 
instruction input. 

Netscope’s versatility allows you to 


position it between DCE and DTE de- 
vices or in a T connection in field applications. RS-170, 
printer and storage ports are available as options. 


No other data line monitor offers as much in features 


and performance as the Telebyte Netscope for so 


little money. And it only weighs 12 pounds. 


For more information call toll-free: 


teleBvic 


TECHNOLOGY, INC. 


Telebyte Technology, Inc. ¢ 270 E. Pulaski Road * Greenlawn, NY 11740 ¢ (516) 423-3232 
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1-800-835-3298 
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Meeting a project deadline often depends 
on the strength of your support. The pro- 
blem is, making the support work for you. 
Because, while some vendors may provide 
you with ‘‘adequate’’equipment, you’d be 
surprised to learn how many compromises 
they expect on your part. 


At Zax, we offer an intelligent alternative 
to solving your processor-based design 
problems by providing everything from a 
broad range of standalone/in-circuit 
emulators and development software, toa 
fully-supported host computer. Why is this 
single-vendor approach important? 
Because it gives you the freedom of choice, 
which puts you in control. When you turn 
your development needs over to ZAX, 
you’re assured that all hardware and soft- 
ware tools have been conceived, designed, 
and tested to work together reliably and 
efficiently; both with your existing system 
or as a completely independent develop- 
ment system. 


ZAX ICD-series standalone emulators 
270 


ZAX In-circuit emulators for Z80, 6809/E, 68000 family, 8048 family, 8051 family, 8086/88 & 80186/88, and V20/V30. 


ZAX! UNPARALLELED 
SUPPORT T0 BEAT 
MICROPROCESSOR- 
DESIGN DEADLINES 


have become the standard for system 
designers who require both power and flex- 
ibility in an emulation tool—as well as 
affordability. Their power helps you opti- 
mize design/debug time to keep you well 
ahead of deadlines. Their rugged construc- 
tion allows us to offer a one year warranty. 
And because they’re a standalone-type 
emulator, you can connect them to almost 
any terminal or computer you now own — 
from PC to mainframe. 


The BOX-ER is our own host computer 
that’s specifically designed for total pro- 
ject control; from generating source code 
to compiling complete programs to manag- 
ing the debugging activities of our 
emulators. Now you can own an 
economical host computer that’s easy to 
use, delivers abundant processing power, 
possesses superior memory capacity and 
supports high-resolution graphics for 
engineering applications. But the BOX-ER 
is more than just another AT-compatible. 
It’s wholly-supported by ZAX, protecting 
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you against unforeseen software and hard- 
ware problems which could impede your 
progress. 


A broad choice of development software 
is paramount to your ability to work ina 
familiar environment—and ZAX can pro- 
vide it! We offer ‘‘C}’ Pascal, PLM and 
Fortran compilers, assemblers/loaders, 
symbolic debuggers, source-level debug- 
gers, and a feature-filled communications 
program. 


In our effort to meet all your design needs, 
ZAX also offers useful support equipment, 
such as the EZ-ROM 198 EPROM pro- 
grammer and the world’s fastest EPROM 
eraser—the Quick-E II. 


After delivery, the superior support you 
receive assures satisfaction with the prod- 
ucts you’ve selected. Always available is a 
staff of Field Applications Engineers to 
provide factory-level assistance at your 
facility. And when you need answers now, 
you'll get them quickly through our toll- 
free technical hot line. 


Put unparalleled ZAX support to work for 
you on your next project and beat that 
deadline! To find out how, 

(800 233-9817 in California), 
or write ZAX Corporation, 2572 White 
Road, Irvine, California 92714. Telex 


183829. 
LAX 


Zax Corporation 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


UNIX LAB SYSTEM 


@ Designed for scientific laborato- 
ry applications 

@ Features enhanced Unix and 
menu-driven software 


The Scientific Laboratory System 
(SLS) features a 32-bit, proprietary 
memory bus that can transfer data 
between memory and the 68020 
CPU at speeds as high as 12M 
bytes/sec. A hardware bus adapter 
allows DMA data transfers between 
memory and a Multibus at speeds as 
high as 6M bytes/sec. You can con- 
nect STD+Bus peripherals to the 
Multibus through a data-acquisition 
control processor that allows data 
transfers between the STD+Bus 
and the Multibus at 2M bytes/sec 
max. The memory-management 
unit provides each process with vir- 
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tual addressing of 128M bytes max 
for system use and 128M bytes max 


for user space. An 8k-byte, write- 


through cache maintains no-wait- 
state performance by means of vir- 
tual addressing and direct mapping. 
An MC68881 floating-point coproc- 
essor performs mathematical opera- 
tions at more than 1.1 million Whet- 
stones/sec; you can add the vendor’s 
Lightning accelerator board to raise 
the performance to more than 3 mil- 
lion Whetstones/sec. The SLS 
comes with a 650k-byte floppy-disk 
drive and a 71M-byte hard-disk 
drive, both of which use the SCSI 
interface and transfer data at 
speeds as high as 1.5M bytes/sec 
over the SCSI bus. The built-in 
graphics hardware provides resolu- 
tions of 1152x910 pixels (mono- 
chrome) or 640X480 pixels (color). 


The RTU operating system is a 
Unix System V implementation en- 
hanced for fast, real-time data ac- 
quisition and instrument control. 
The system comes with the vendor’s 
Laboratory Workbench, a menu- 
driven package that features pull- 
down menus, pop-up displays, icons, 
and interactive controls. From 
$29,000. 

Masscomp, 1 Technology Park, 
Westford, MA 01886. Phone (617) 
692-6200. TLX 704353. 
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FUNCTION ANALYSIS 


® Computes circuit values for a 
desired op-amp transfer function 

@ Performs sensitivity and Monte 
Carlo analyses 


The XFER transfer-function analy- 
sis and synthesis program runs on 
IBM PCs and compatible machines. 
Given an op-amp circuit configura- 
tion and the values of the circuit 
elements, the program computes 
the circuit’s transfer function. Con- 
versely, the program can use short- 
circuit transfer impedance functions 
around an op amp to compute the 
circuit configuration and element 
values that will synthesize a desired 
transfer function. Because the pro- 
gram divides the forward and feed- 
back elements of op-amp configura- 
tions into multiple short-circuit 
transfer impedance functions, you 
can synthesize or analyze almost. 

any transfer function that has real — 
roots. The menu-driven program 
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also computes the magnitude- and 
phase-response of a given circuit, 
and allows you to perform sensitivi- 
ty and Monte Carlo analyses. $72.95. 
BV Engineering, 2200 Business 
Way, Suite 207, Riverside, CA 

92501. Phone (714) 781-0252. 
Circle No 387 


MULTILAYER CAE 


@ Permits design of boards with as 
many as 26 layers 

@ Enhanced capabilities for sur- 
face-mount design 


EE Designer II provides all the 
functions of the earlier version for 
schematic capture, circuit simula- 
tion, and pec-board layout, but em- 
ploys a new graphics kernel and 
adds a variety of layout- and sche- 
matic-design enhancements. These 
enhancements include the ability to 
create ground planes on either side 
of a pe board and to display multi- 
layer layouts. Layout enhancements 
allow you to define trace widths and 
pad sizes, to select both 5- and 12.5- 
mil grid spacing, and to perform 
block deletes, macro saves, and 
multistep pan. Schematic-capture 
enhancements include orthogonal 
rubberbanding. The package comes 
with a starter library of surface- 
mount components, and the en- 
hanced drawing package now allows 
you to create new components and 
pad shapes. The library-manage- 
ment facilities include browse, 
fetch, and mirror operations. You 
ean dump plotter files and numeric- 
control drill files to disk; you can 
also create generic plot files in 
ASCII format, containing absolute 
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X and Y coordinates, which facili- 
tate the writing of customized plot- 
ter driver routines. The program 
runs on IBM PC/XT, PC/AT, and 
compatible machines. $1875. 
Visionics Corp, 1284 Geneva Dr, 
Sunnyvale, CA 94089. Phone (408) 
745-1551. TLX 346352. | 
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C INTERPRETER 


@ Full-screen, memory-resident 
editor for correcting source code 

@ Resident debugger checks source 
code on exit from editor 


Instant-C 2.0 is an enhanced version 
of a C-language interpreter/compil- 
er that runs on the IBM PC and 
compatibles. The enhancements in- 
clude implementation of all the fea- 
tures specified by Kernighan & 
Ritchie, the ability to link object 
code from Lattice and Microsoft li- 
braries, a full-screen editor, and a 
run-time checker that checks for 
invalid or null pointer references 
and array subscripts. After each 
editing session, the program checks 
your program for syntax errors; if it 
finds any, it displays them, one at a 
time, on the same screen as the 
source code, with the cursor posi- 
tioned at the problem area. You can 
immediately make your corrections 
with the editor, and the compiler 
then operates only on the changed 
portions of code, thereby speeding 
up the recompilation process. The 
enhanced debugging facilities now 
let you work directly with the 
source code. You can set break- 
points anywhere in your program; 
at any breakpoint you can display 
the values of variables and data and 
call or edit other C functions. The 
package contains a new dynamic 
linker that allows you to make use of 
the many commercially available li- 
braries of C routines and functions. 
$495. 

Rational Systems Inc, Box 480, 
Natick, MA 01760. Phone (617) 653- 
6194. 
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SOLID MODELER 


® Runs on IBM PC/AT and com- 
patibles 

@ Allows sectioning and viewing 
from any point in 3-D space 


RoboSOLID is a fast, solid-model- 
ing program that runs on the IBM 
PC/AT and compatible machines. 
The program processes a 2-dimen- 
sional drawing that you have pro- 
duced with the aid of the built-in 
2-dimensional drafter; alternatively, 
you can import a file generated by 
the vendor’s RoboCAD, Autodesk’s 
AutoCAD, or by any DXF-compati- 
ble CAD system. The program gen- 
erates solids by extruding or turn- 
ing profiles; you can assemble 
complex shapes from any number of 
individual solid elements using the 
Boolean operations Intersect, 
Unite, and Subtract. You can section 
the model and then view it from any 
point in 3-dimensional space; you 
can choose the viewing distance, se- 
lect axonometric or perspective pre- 
sentation, and display or remove 
hidden lines. You can then export 
views of the sectioned model to any 
DXF-compatible CAD system for 
dimensioning, plotting, and other 
operations. To run the program, you 
need an IBM PC/XT, PC/AT, or 
compatible machine, 640k bytes of 
RAM, a hard-disk drive, and a Her- 
cules monochrome or EGA color 
graphics adapter. $1095. 

Robo Systems Corp, 3000 Cabot 
Blvd W, Ste 150W, Langhorne, PA 
19047. Phone (215) 750-6990. 
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GRAPHICS DATABASE 


@ Conforms to PHIGS draft stan- 
dard 

@ Provides device-independent 
out put 


The DI-3000XPM is a graphical 
data-management package for 2- 
and 3-dimensional modeling, de- 
sign, and simulation applications. It 


operates in conjunction with the 


vendor’s AddSys-3000 subroutine li- 
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“16 Data Acquisition boards. Not bad.” | | | ae Fred Molinari, President 


Data Translation stretches itself to new limits 
for users of the IBM PC. 


No one extends himself for a customer like Fred Molinari. Data __ libraries and application software. 


Translation offers you the broadest line of Data Acquisition boards Not to mention advanced capabilities like continuous “no-gap” 

for the IBM PC in the business — and we've just added four more. data collection, random channel/gain sequencing, five-level bus 
Now you can get low-cost single function boards, medium- interrupt, anda programmable pacer clock. 

performance multi-function boards, and high-performance boards See the chart for details and remember: Fred Molinari 


with A/D throughput all the way to will go to any lengths to monde the boards 
130 KHz. All supported by subroutine Call (61 7) 481-3 700 you need. _— 


Data ravasapecemecwened «proses D/A 
colli Price Resolution | Speed Resolution Terminal 
opera (U.S.$) | Channels (Bits) (kHz) | Channels (Bits) Panel 
for the IBM PC 13-27 2 12 


DT2801 | 995-2070 4-16 12-16 
General 72806 295 to 80 12 
Purpose 

T2808 495 
ra qe 


D12815 
fieseesore [tans | exe [exe [oven] 2 |e [os [om | oro 


low Cost 


D12817 See our new 646 pg. catalog/ 


handbook or see us in Gold Book 
1986. Or call for your personal 


PCLAB and ATLAB driver software and DT/Notebook, DT/ILS PC, Asyst, Snapshot, and Labtech Chrom application software. copy today. 
World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-370 00 Tix 951 646 
European Headquarters: Data Translation, Ltd., 13 The Business Centre, Molly Millars Lane, Wok cingham Berks, RG112QZ, England Tlx 851849862 (#D) 


International Sales Offices: Australia (61) 2- 6635289; Belgium (32) 2- 7352135; Canada (416) 6 hile (2) 2-253689; China (408) 727-8222, (86) 87214017; Denmark (02) 187188; 


ESS, 


England (44) 0734-793838; Finland (358) 0-372-144; France (33) 146306839; Greece (30) 031-52 0) 13-614300, (30) 95-14944. Hong Kong Stns 3-324563; India (91) 2-231040; 
Israel (972) 3-324298; Italy (39) 2349751; Japan (81) 3-502-5550, (81) 3-348- 9301, (81) 3-355-1111; Korea (82) 753- 3101: Malaysia (60) 3-36299: Morocco (21) 9-30- 6949; Netherlands (31) 
70996360; New Zealand (61) 2-663- 5289; Norway (47) (02) 559050; Peru (51) (14) 31- 8060; Phili ippi rs a 0103; Portugal (351) 1545313; Singapore ( (65: ) ) 271. 3163; South Africa (27) 


12469221; Spain (34) 14558112; Sweden (46) 87617820; Switzerland (41) 17231410, (41) 22360830; Taiwan (86) 2-721-7864, (86) 2-531-2434; West Ger rmany (49) 89809020. 


IBM PC is a regis ee trademark of IBM. Data Translation is a registered trademark of Data Translation, Inc. 


CIRCLE NO 156 


CAE & SOFTWARE 


PEE EEA EAE RE IES FIT ERLE EL A a oI TIE AISLE AS BG SIG TEE SET ET SAPO OSE CEES i A A IB EET ETT 


brary, which matches the data-man- 
agement package to a series of Tek- 
tronix (Beaverton, OR) graphics 
terminals. Together, the data-man- 
agement package and the subrou- 
tine library provide a comprehen- 
sive set of tools for developing 
device-independent graphics appli- 
cation programs. You can build and 
manipulate logical objects in a 
graphics database that is modeled 
on the most recent version of the 
PHIGS (Programmer’s Hierarchi- 
cal Interactive Graphics) draft 
standard. The package includes a 
hidden-line removal utility that pro- 
cesses complex models and gene- 
rates device-independent line out- 
put. You can traverse the database 
one object at a time for visual de- 
bugging of complex structures. A 
quick-view option provides screen 
display or hard-copy snapshots of 
the models. The built-in subroutine 
library allows you to send this out- 
put to any one of more than 100 
graphics terminals and hard-copy 
devices or, with the aid of the 
AddSys-3000 library, to Tektronix 
Series 4100 graphics terminals. 
From $2700 for a MicroVAX II ver- 
sion running under VMS; AddSys- 
3000, from $1000. 

Precision Visuals Inc, 6260 
Lookout Rd, Boulder, CO 80301. 
Phone (303) 530-9000. TLX 450364. 
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TELEX PACKAGE 


@ Available as a PC-based or 
stand-alone unit 

® Controls outgoing and incoming 
telex as a background task 


Available as an add-in for the IBM 
PC, PC/XT, PC/AT, or compatible 
computers, or as a stand-alone unit 
operating via an RS-232C interface, 
the peStreamline provides on-line 
access to the telex network. Com- 
munication facilities include an on- 
line conversational mode; multiple 
message queues and prioritization 
of outgoing telexes; automatic retry 
on busy or degraded telex connec- 
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tions; and batching of telexes des- 
tined for the same telex address. 
The unit also time-stamps and date- 
stamps telexes, sends telexes to 
multiple telex numbers, and per- 
forms short-code dialing. You can 
also set up telex directories and 
store incoming messages directly to 
disk. An onboard processor and 32k 
bytes of RAM allow the unit to 
control telex operations as a back- 
ground task; battery backup for the 
RAM ensures that messages are not 
lost during power failures. You can 
generate outgoing telexes on any 
text-oriented software package, 
and the unit automatically performs 
character expansion, substitution 
for illegal telex characters, and 
word-wrapping on message lines 
that exceed a given length. When 
connected to multiple telex net- 
works, pcStreamline can automati- 
cally select the most cost-effective 
network for message transmission. 
PC add-in, complete with telex 
modem, £1495; stand-alone unit, 
£1695. 

Streamline Datacom Ltd, Unit 
14, St George’s Industrial Estate, 
White Lion Rd, Amersham, Bucks 
HP7 9JQ, UK. Phone (02404) 5500. 
TLX 83293. 
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GRAPHICS FOR DBMs 


@ Math and stat functions let you 
create new data relationships 

@ Allows simultaneous display of 
multiple graphs 


R:BASE Graphics operates in con- 
junction with the vendor’s R:BASE 
database-management systems run- 


ning on IBM PC, PC/XT, PC/AT 
and compatible machines, in both 
single-user and LAN configura- 
tions, including the IBM Token Ring 
Network. The graphics package 
uses a data-collapsing procedure 
that reduces thousands of values to 
a graphable subset, and thus can 
present usable information from 
very large databases. You can dis- 
play the information in eight differ- 
ent formats: pie, line, column, bar, 
hilo, area, scatter plot, and mix- 
ed. You can display multiple 
graphs simultaneously on the 
screen; 16 colors and 6 different 
fonts allow you to make each one 
distinctive for easy comparison. For 
single-user operation, you’ll need 
DOS 2.0 or higher and at least 512k 
bytes of RAM; for network opera- 
tion, you must have DOS 3.1 and at 
least 640k bytes of RAM. $295. 
Microrim, Box 97022, Redmond, 
WA 98073. Phone (206) 885-2000. 
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WORKSTATION 


@ Performs 5 million gate evalua- 
tions per sec 

® Simulates systems with as many 
as 1 million gates 


CoSim II is a simulation-accelerat- 
ing computer that resides in an 
Apollo workstation network. It is a 
proprietary RISC (reduced-instruc- 
tion-set computer) that simulates 
responses to a stream of data, rep- 
resenting real instructions, at rates 
as high as 5 million gate evaluations 
per sec; you can simulate multi- 
board, multichip digital systems 
that have as many as 1 million gates. 
The accelerator forms part of the 
company’s design system, which 
uses both software constructs and 
hardware coprocessors to achieve a 
level of performance that, according 
to the vendor, was not previously 
possible on mainframe-based CAE 
systems. $85,000. 

AIDA Corp, 3375 Scott Blvd, 
Suite 340, Santa Clara, CA 95054. 
Phone (408) 748-8571. 
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408) 986-98 
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. ILLINOIS/S. WISCONSIN, Heartland Technical Marketing 


-9277 FLORIDA, EIR, Inc. (305) 660-9600 N 
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IIGAN/OHIO/W. PENNSYLVANIA, Giesting & Associates (513) 385 


ced Technical Sales (913) 782-8702 MARYLAND 
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, Inc. (315) 455-7314 E. PENNSYLVANIA, Denco Electronic Components (215) 630-8990 WASHINGION/OREGON, Quest 


Morton Associates, Inc. (416) 671-8114. 
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MICROCONTROLLER 


© Offers 8k bytes of on-chip 
EPROM 

@ Available in one-time-program- 
mable version 


The Model M50747ES microcontrol- 
ler contains 8k bytes of EPROM. 
The uC is available in a version that 
uses a glass-windowed ceramic DIP, 
or in a one-time-programmable ver- 
sion in a plastic DIP. Both DIPs 
have 64 pins. You can also obtain the 
wC in a 72-pin quad flat pack. You 
can operate the devices in any of 
four modes: microprocessor, memo- 
ry-expansion, single-chip, or evalua- 
tion. The IC has 256 bytes of RAM, 
an on-chip UART, three 8-bit tim- 
ers, two prescalers, and 56 I/O lines. 
Development tools include software 


INTEGRATED CIRCUITS 


that runs in MS-DOS and CP/M 
systems, and in-circuit emulator 
boards and debugging units. $45.50; 
one-time-programmable version, 
$20.25 (100). 


Mitsubishi Electronics America 
Inc, 1050 East Arques Ave, Sunny- 
vale, CA 94086. Phone (408) 730- 
5900. 
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DUAL OP AMP 


@ Specs low noise, high bandurdth 
@ Housed in miniature 8-pin DIP 


The Model RC4227 precision dual 
operational amplifier has a typical 
input offset voltage of 20 pV and 
typical input bias current of +12 
nA. The op amp provides an undis- 
torted output of 7V p-p at 100 kHz. 
Speed parameters include an 8-MHz 
gain-bandwidth product and a 2.7V/ 
wsec slew rate. Typical de specs 
include 800,000V/V open-loop gain, 
120-dB common-mode and power- 
supply rejection, and 0.3-~V/°C off- 
set-voltage drift. The device’s noise 
spec is 80 nV p-p over the range 0.1 
to 10 Hz. Available in 8-pin ceramic 
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or plastic DIPs, the op amps come in 
versions for both the commercial (0 
to 70°C) or military (—55 to 
+125°C) temperature ranges. Com- 
mercial version, $0.91 (100). 
Raytheon Co, Semiconductor 
Div, 350 Ellis St, Mountain View, 
CA 94043. Phone (415) 966-7639. 
Circle No 400 


CMOS uP FAMILY 


@ Includes pPs and support IC's 
® Comes packaged in PLCCs 


This family of 18 CMOS peripheral 
and bus-support devices comple- 
ments the manufacturer’s 80C86 
and 80C88 Ps. Housed in PLCCs, 
the ICs are available in both com- 
mercial. (0 to 70°C) and industrial 
(—40 to +85°C) versions. The family 
comprises a DMA controller, a seri- 
al datacomm IC, a programmable 
UART, a timer/counter, a parallel- 
I/O device, an interrupt controller, 
two octal latching bus drivers, a 
clock generator, a static clock con- 
troller, two data-bus transceivers, 


and a bus controller. Prices for the 
commercial-grade parts range from 
$6.44 to $33.45; for the industrial- 
grade devices, from $9.82 to $34.78 
(100). 

Harris Corp, Semiconductor Sec- 
tor, Box 888, Melbourne, FL 32901. 
Phone local office. 

Circle No 441 


ENCRYPTION IC 


® Implements SEEK and RSA 
algorithms 

® Provides encryption-key man- 
agement 


The Model CY-1024 key-manage- 
ment processor is an IC that imple- 
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ments the SEEK and RSA key-en- 
eryption algorithms. Although 
intended primarily for encryption- 
key management, at lower speeds 
the device can provide secure data 
encryption. The IC can add, multi- 
ply, and exponentiate two integers 
modulo a third integer. The integers 
can be as long as 1028 bits. You can 
cascade as many as 16 of the pP- 
compatible devices to accommodate 
integers as long as 16,384 bits. This 
serial-I/O IC operates at a 20-MHz 
clock speed. The manufacturer also 
provides an evaluation board that 
you can insert in an IBM PC; the 
board demonstrates the SEEK and 
RSA algorithms, finds large prime 
numbers, and facilitates evaluation 
of the IC. CY-1024, $100 (OEM qty); 
the evaluation board with software, 
$1000. 

Cylink, 920 W Fremont Ave, 
Sunnyvale, CA 94087. Phone (408) 
735-5800. 

Circle No 442 


ECL GATE ARRAYS 


@ Include 10KH ECL, 100K ECL, 
and TTL I/O buffers 

@ Offer 4580- and 6580-gate 
densities 


The first two products in the manu- 
facturer’s planned ECL-gate-array 
family, Models ET3000 and ET4500 
offer equivalent gate densities of 
4580 and 6580 gates, respectively. 
The basic gate used in both parts 
has propagation times of 220 psec 
(unloaded) and 500 psec (loaded). 
I/O propagation delays are 650 psec 
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for each ECL output buffer and 5 
nsec for each TTL I/O-buffer pair. 
Model ET3000 can have as magy as 
120 I/O lines, of which you can con- 
figure 72 as ECL output buffers; the 
ET4500 has 136 I/O lines, of which 
you can use 84 as ECL outputs. You 
can use either part as TTL gate 
arrays that operate from 5V, or as 
10KH or 100K ECL arrays that 
work from —5.2 and —4.5V, respec- 
tively. For mixed TTL/ECL applica- 
tions, the devices can operate from 
5V and —4.5 or —5.2V. The ET3000 
and ET4500 come in a 149-pin ce- 
ramic pin grid array (PGA) contain- 
ing a heat sink; the ET4500 is also 
available in a 208-pin PGA. The de- 
vices dissipate 6 to TW and 9 to 
10W, respectively. ET3000, $228; 
ET4500 (in 149-pin PGA), $335 
(100). 

Fujitsu Microelectronics Inc, 
3320 Scott Blvd, Santa Clara, CA 
95054. Phone (408) 727-1700. TWX 
910-338-0190. 

Circle No 443 


ANALOG-IC DICE 


@ Suitable for use in hybrid cir- 
cuits 
@ 100% electrically probe-tested 


Five analog ICs now available in die 
form bring the manufacturer’s com- 
plement of die products to 18. The 
five products include the OPA128JD 
low-bias-current (75 fA max at 
25°C) operational amplifier; the 
INA110AD instrumentation ampli- 
fier; the INA105AD unity-gain dif- 
ferential amplifier; the XTR101AD 
2-wire 4-to-20-mA transmitter, and 
the MPY534AD analog multiplier. 
The wafers and dice receive 100% 


inspection according to MIL-STD- 


883, Method 2010, Condition B. 


Dice receive an additional quality- 
control inspection to a 0.65% accept- 
ance quality level. $2.80 to $17.50 
(100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TWX 910-952-1111. 

Circle No 444 


GaAs AMPLIFIER 


® Operates over a 2-GHz band- 
width 
@ Suitable for fiber-optic systems 


A member of the manufacturer’s 
family of 1500 Series GaAs fiber- 
optic devices, the TIA1500 trans- 
impedance amplifier is a monolithic 
IC that’s suitable for use in analog 
or digital fiber-optic systems. It ac- 
cepts input frequencies as high as 2 
GHz from either a pin diode or an 
avalanche photodiode. An adjust- 
able FET feedback network allows 
you to optimize the IC’s receiver 
sensitivity and transimpedance gain 
in your application. The device 
draws 120 and 110 mA, respective- 
ly, from its 4 and —3.5V supplies. 
Its 500-MHz transimpedance is 1 
kQ; the maximum input power is 0 
dBm; sensitivity at 1 GHz is —30 
dBm; and the automatic-gain-con- 
trol range is 10 dB. The amplifier is 
available in chip form or in a 46X72- 
mil ceramic package. $150. 
Microwave Semiconductor 
Corp, 100 School House Rd, Somer- 
set, NJ 08873. Phone (201) 563-6300. 
TLX 833473. 
Circle No 445 
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OCTAL TRANSCEIVER 


@ Provides 2-way asynchronous 
communication 
® Compatible with bipolar logic 


You can effect 2-way asynchronous 
communication between data buses 
by using the CD54/74AC245 octal 
transceiver. The CMOS IC is pin, 
function, and spec compatible with 
such high-speed bipolar logic as 
FAST and advanced Schottky. The 
device embodies the manufacturer’s 
ACL (advanced CMOS logic) pro- 
cess. According to the manufactur- 
er, ACL ICs provide four times 
greater output drive than you can 
obtain from earlier HC and HCT 
units. The transceiver has 2-kV 
electrostatic-discharge resistance 
for the human-body model, 400V for 
the machine model. Two packaging 
options are available: the 
CD54AC245 comes in a 20-pin her- 
metic ceramic DIP and operates 
over --~55 to: +125°C: the 
CD74AC245 is housed in either a 
20-pin plastic DIP (E suffix) or a 
surface-mount DIP (M suffix). 
Model CD74AC245E, $4.60 (100). 
GE/RCA Solid State Div, Route 
202, Somerville, NJ 08876. Phone 
_ local office. 
INQUIRE DIRECT 


REGISTER-FILE IC 


@ First ECL 4-port register file 
© Simultaneously reads two words 


Designed for high-speed scratchpad 
memory, Model Am29434 is an 
ECL-compatible, 32-bit dual-access 
4-port register file that simultane- 
ously reads and writes two words in 
a single cycle. The device replaces 
ECL RAM, discrete logic, or gate- 
array implementations; it eliminates 
interchip timing delays and reduces 


EDN January 8, 1987 


the part count in 32-bit ECL sys- 
tems. Featuring a 20-nsec access 
time, the IC accommodates a 50- to 
60-nsec system cycle time, depend- 
ing on the system’s configuration. 
The unit’s architecture provides two 
write and two read ports for data, 
and four 6-bit address ports. The 
10K-compatible IC’s organization is 
64 wordsxX8 bits. You can cascade 
the device horizontally or vertically. 
Housed in a 120-pin pin grid array, 
it costs $180 (100). 

Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 
Phone (408) 732-2400. 

Circle No 407 


REAL-TIME CLOCK 


@ Stable over the military temper- 
ature range 

®@ Conforms to MIL-STD-883B, 
Rev C 


Claimed by its manufacturer to be 
the only real-time-clock (RTC) chip 
that’s stable over the -—55 to 
+125°C temperature range, Model 
ICM7170 is fully compliant with 
MIL-STD-883B, Rev C. Long-term 
stability of the oscillation frequen- 
cy, set by the crystal and not the 
RTC IC itself, is 2 ppm/month. The 
device’s features include battery- 
backup circuitry; options for three 
crystal frequencies (82 kHz and 
1.084 and 2.097 MHz); 2-pA typ 
standby current; a leap-year-com- 
pensating 128-year calendar; and a 
300-nsec register access time max. 
The IC works with multiplexed and 
directly accessed buses, and con- 
tains internal latches that prevent 
clock rollover during a read cycle. 
For the MIL-STD-883 version in a 


The 
Ultimate 


VME 
ESDI 
Controller 


Would Have... 
4 Zero latency reads and writes 
~ 250 KB cache 


~ Dynamically configurable 
caching parameters 


© Intelligent look-ahead caching 


© Support for four 24 Mbitlsec. 
drives 


© 32 and 16-bit DMA transfers 

4 32 and 24-bit addressing 

© Multiple-copy disk reads 

~) Contiguous or scatter transfers 
0 48-bit ECC 


© On-board 12 MHz MC68000 
processor 


4 Companion SMD controller 
with identical software interface 

ci A proven field record of 
reliability and performance 


The VESDI-32 
only from 


= LIA Le 


Dual Systems Corporation 
2530 San Pablo Avenue 
Berkeley, CA 94702 

(415) 549-3854 

FAX: (415) 394-5256 
TLX: 230199 SWIFT 
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24-pin ceramic DIP, $27.90; devices 
in plastic DIP or SO package, $7.50 
(100). 

GE _ Intersil Semiconductor, 
10600 Ridgeview Court, Cupertino, 
CA 95014. Phone (800) 443-7364; in 
NY, (800) 243-7364. TWX 910-338- 
0171. 

Circle No 408 


SERIAL CONTROLLER 


@ First CMOS serial communica- 
tions controller 

©@ Equivalent to industry-standard 
uPD7201A 


Claimed by its manufacturer to be 
the industry’s first CMOS-pro- 
cessed, complete serial communica- 
tions controller, Model ~»#PD72001 is 
equivalent to the industry-standard 
wPD7201A controller. The device 
contains baud-rate generators, a 
crystal oscillator, and a digital 
phase-lock loop. The chip has two 
independent, full-duplex channels, 
either of which you can configure to 
transmit or receive (or both) any of 
three protocols at synchronous 
speeds as high as 1.6 MHz. Proto- 
cols include both character-oriented 
(Bisync) and bit-oriented (SDLC/ 
HDLC). Available in both a 40-pin 
plastic DIP and a 44-pin PLCC. 
Less than $25 (1000). 

NEC Electronics Inc, 401 Ellis 
St, Mountain View, CA 94039. 
Phone (800) 632-3531; in CA, (800) 
632-3532. TWX 910-379-6985. 

Circle No 409 


QUAD CMOS TIMERS 


@ Single, dual, and quad devices 
@ Specs 10-nsec rise and fall times 


Able to trigger from 50-nsec pulses, 
this family of CMOS timers em- 
braces two sets of single, dual, and 
quad devices. All units spec rise and 
fall times of 10 nsec. Single, dual, 
and quad models ALD1502, -2502, 
and -4501 operate from 2 to 12V 
supplies; models ALD1504, -2504, 
and -4503 can use 1 to 12V supplies. © 
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Quiescent-current specs range from 
70 pA max for a single device oper- 
ating from a 1V supply, to 270 pA at 
5V for the quad units. The singles’ 
and duals’ current-sinking capabili- 
ty is 80 mA; the quad devices can 
sink 40 mA. The singles and duals 
are pin compatible with NE555 and 
N E556 bipolar units; the quads have 
a 20-pin configuration that allows 
for four independent timing thresh- 
olds. The single, dual, and quad 
timers are available in 8-, 14-, and 
20-pin (respectively) plastic and ce- 
ramic DIPs. $0.81 to $3.41 (100). 
Advanced Linear Devices Inc, 
1030 W Maude Ave, Suite 501, 
Sunnyvale, CA 94086. Phone (408) 
720-8737. TWX 510-100-6588. 
Circle No 410 


STATIC RAMs 


@ Suitable for high-resolution 
graphics 
@ Use pipelined architecture 


These four pipelined static RAMs 
find use as color-palette memories 
in graphics systems having resolu- 
tion as high as 20002000 pixels. 
Models Bt401, -402, -403, and -404 
are all 256X8-bit static RAMs that 
spec 4-nsec cycle times. You can 
cascade any of the RAMs to build 
large color palettes. Each chip has 
3-state outputs. Models Bt401 and 
-402 have 3x8-bit Sidecar RAMs 


that provide cursor support and 
overlay capabilities. The Bt401 is 
compatible with 10K ECL circuitry, 
the Bt402 with 100K ECL circuitry. 
Models Bt403 and -404 are equiva- 
lent to the Bt401 and -402, respec- 
tively, but do not contain the 
38-bit Sidecar RAMs. All the 


RAMs accommodate synchronous 


and asynchronous reading and asyn- 


chronous writing. Housed in a 


28-pin ceramic DIP, Models Bt401 
and -402 cost $39 (100). In 24-pin 
ceramic DIPs, Models Bt403 and 
-404 cost $36. 100K- and 10K-com- 
patible devices will be available in 
production quantities in the first 
and second quarters of this year, 
respectively. Samples of all units 
are available now. 

Brooktree Corp, 9950 Barnes 
Canyon Rd, San Diego, CA 92121. 
Phone (619) 452-7580. TLX 383596. 

Circle No 411 


FET OP AMPS 


@ Available in single and dual 
units 

© Minimize power/performance 
compromises 


Models AD548 and -648 single and 
dual (respectively) FET-input oper- 
ational amplifiers spec a 200-pA 
max quiescent current and typically 
provide a 1-MHz unity-gain band- 
width and a 1.8V/psec slew rate. 
Other specs for the AD548 single op 
amp include a 10-pA max bias cur- 
rent and a 5-wV/°C max input-offset 
drift. Additional specifications in- 
clude a 250-pV offset voltage max, 
86-dB min common-mode rejection, 
2-uV p-p typ input noise, and 
300,000V/V open-loop gain. The am- 
plifiers are available in 8-pin plastic 
or ceramic DIPs or in TO-99 metal 
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-digelec 


1-2-3-4 
AT A TIME 
MAKES PROGRAMMING 
AS EASY AS 
1-2-3-4 


MODEL 825 


SET PROGRAMMER 


@ PROGRAMS: 


0 Up to 4 devices simultaneously 
with the same or different data. 

O 16K to 1024K Bit E2/EPROMs 
from all manufacturers (more than 
220 devices) 

OC Intel (87 xx) and Motorola 
(68701 /68705, 28- and 40-pin) 
single-chip micros 


FEATURES: 


0 8, 16, 32 bit or GANG operations 

0 64K Byte standard RAM 
(expandable to 256K Byte) 

© Built-in UV eraser 

0 Plug-in SOFTPACK cassette for 
do-it-yourself software updates 

O Programming Verification at 
3 VCCs 

0 Fully programmable VCC at VPP 
for future programming needs 

OC Detects Device type (signature) 

© Detects misplaced device 


SUPPORTS: 


0 5 different programming 
algorithms, including Intel 
Intelligent and Quick-Pulse, 
AMD Fiashrite 


OFFERS OPTIONALLY: 


O SOFTLINK remote control 
software for IBM PC/XT/AT 

O PLCC module 

O Adapter for 1M bit EPROMs 
and Motorola micros 


digelec 800-367-8750 


USA: DIGELEC INC., 
1602 Lawrence Avenue, 


Dorflistrasse 14, 


Ocean, New Jersey 07712 CH-8057 Zurich, Switzerland 


Tel: (201) 493-2420 
Fax: (201) 493-2426 
Tix: (230)754098 


Tel: 01-312 46 22 
Fax: 01-312 46 66, 
Tix: 823795 dige ch 
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PROM &£ Logic 
Programmers 


EUROPE: DIGELEC AG, 


INTEGRATED 
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cans. They’re also available for 
three temperature ranges and with 
MIL screening. Prices for the 
AD548 and -648 range from $0.75 to 
$9.50 and from $1.25 to $12.95 (100), 
respectively. 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. TWX 
710-394-6577. 

Circle No 412 


HIGH-SPEED OP AMP 


@ Can drive 500 loads 
@ Fully specifies all ac parameters 


A drop-in replacement for industry- 
standard 3554 amplifiers, the Model 
BB3554 high-speed op amp guaran- 
tees minimum and maximum values 
for all important ac parameters. All 
devices receive 150°C burn-in test- 
ing. The op amp’s ac specs include a 
1000V/V min open-loop gain at 1 
MHz, a 16-MHz min full-power 
bandwidth, a 1000V/ysec min slew 
rate, and a 70-MHz min small-signal 
bandwidth. The settling time to 
within a +0.01% error band is 250 
nsec max; to +1%, 60 nsec max. The 
data sheet specifies all ac parame- 
ters for source and load resistances 
of 500; the amplifier provides +10V 
min output swing into a 1000 load. 
The device’s de parameters include 
a 1-mV max offset voltage, 50-pA 
max input-bias current, and 106-dB 
min open-loop gain. Housed in a 
TO-3 can, the amplifier is available 
in —25 to +85°C and —55 to + 125°C 
versions. $47.70 to $66.30 (100). 
Maxim Integrated Products, 510 
N Pastoria Ave, Sunnyvale, CA 
94086. Phone (408) 737-7600. 
Circle No 413 


The 
Ultimate 
VME 
SMD 


Would Have... 


Zero latency reads and writes 

250 KB cache 

> Dynamically configurable 
caching parameters 

c Intelligent look-ahead caching 

4 Support for three 3 MBytelsec. 

drives 

32 and 16-bit DMA transfers 

32 and 24-bit addressing 

Multiple-copy disk reads 

Contiguous or scatter transfers 

4 48-bit ECC 


~ On-board 12 MHz MC68000 
processor 


+ Companion ESDI controller 


Bee So wea 


with identical software interface 


4 A proven field record of 
reliability and performance 


The VSMB-32 
only from 


WA Le 


Dual Systems Corporation 
2530 San Pablo Avenue 
Berkeley, CA 94702 

(415) 549-3854 

FAX: (415) 394-5256 
TLX: 230199 SWIFT 


CIRCLE NO 159 
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NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


EPROM PROGRAMMER 


® Handles single-chip wPs 
© Programs EEPROMs grouped 
into 8-,16-, or 32-bit word widths 


The EP-825 portable set program- 
mer handles all current EPROMs 
and EKPROMs that have capacities 
as high as 1M bit. The unit also 
works with Intel’s 8-bit single-chip 
wPs. The device comes with one 
40-pin socket for pPs and four 
28-pin sockets for EPROMs and 
EKEPROMs. For 16- and 32-bit appli- 
cations, you can program four 8-bit 
words, two 16-bit words, or one 
32-bit word at a time. The program- 
mer has 256k bytes of internal RAM 
and a built-in, 6-chip UV eraser. 
$1795. 

Digelec Inc, 1602 Lawrence Ave, 
Ocean, NJ 07712. Phone (201) 493- 
2420. 

Circle No 414 


THERMOMETERS 


® Switch-selectable Fahrenheit or 
Celsius scales 
® Variety of thermocouple models 


Budget Series digital thermometers 
accommodate a range of probes for 
measuring surface, liquid, and air 
temperatures. The thermometers 
are available with type K, J, and T 
thermocouples. You can choose 
high-resolution (0.1° sensitivity) or 
switch-selectable °F and °C scales. 
One model covers the —120 to 
+2000°F temperature range. $99. 
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Tegam Inc, 7230 N Ridge Rd, 
Madison, OH 44057. Phone (216) 
428-7505. TLX 205188. 

Circle No 415. 


WAVEFORM ANALYZER 


© Fully programmable over the 
IEEE-488 bus 

©@ Has a 1-GHz bandwidth for re- 
petitive signals 


The Model 3000 dual-channel wave- 
form analyzer has a 1-GHz band- 
width for repetitive signals. It digit- 
izes signals to 12-bit resolution. The 
instrument has a trigger bandwidth 
of 200 MHz with 5-psec typ trigger 
jitter. Its built-in functions perform 


Sages 


GANG PROGRAMMER 


@ Handles 16- and 32-bit word 
lengths 

@ Works in series with CRT 
terminal 


The PP42 gang programmer has 
eight sockets for 24- and 28-pin 
EPROMs and EEPROMs. You can 
program 16-bit words across two 
devices or 32-bit words across four 
without shuffling any data in the 
programmer’s 4M-bit memory. The 
programmer can handle multiple 
sets—that is, it can program 16-bit 


such measurements as pulse width, 
rise and fall time, period, and delay 
between the signals on the two 
channels. The unit has a standard 
IKEE-488 interface. $19,000. Deliv- 
ery, 45 to 60 days ARO. 

Datron EHE Instruments, 4125 
SW Martin Hwy, Stuart, FL 33497. 
Phone (805) 283-0935. 

Circle No 416 


words into four pairs of 8-bit de-. 
vices. The programmer works with 
most process technologies and exe- 
cutes common fast-programming al- 
gorithms. It has two RS-232C 
ports. Optional software allows you 
to control the device from an IBM 
PC. The unit weighs 7 lbs and mea- 
sures 8’2X12%X3 in. PP42 with a 
512k-bit RAM, $1995. 

Stag Microsystems Ine, 528-5 
Weddell Dr, Sunnyvale, CA 94089. 
Phone (408) 745-1991. TLX 910-339- 
9607. 

Circle No 417 
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INSTRUMENTS 


COMBO GENERATOR 


@ Parameters fully programmable 
over IEEE-488 bus 

@ Fast low-frequency measure- 
ments with reciprocal counter 


The 6201A pulse/function generator 
combines three programmable in- 
struments: a pulse generator, a 
function generator, and a 20-MHz 
counter. The instrument provides 
sine, triangle, and square waves as 
well as pulses with variable ampli- 
tude, symmetry, and offset over a 
frequency range of 2 mHz to 20 
MHz. Its output amplitude ranges 
from 1 mV to 30V p-p (15V into 
500). The unit’s nonvolatile memory 
stores 10 front-panel settings. The 
instrument is fully programmable 
over the IEEE-488 bus. Model 
6201A, $3375; rack-mount kit, $175. 
Ballantine Laboratories Inc, 
Box 97, Boonton, NJ 07005. Phone 
(800) 323-3234; in NJ, (201) 335- 

0900. 
Circle No 418 


AUDIO ANALYZER 


e Instrument measures total har- 
monic distortion digitally 

® Computes ratio of signal levels 
between two channels 


The VP-7722P audio analyzer has a 
10-Hz to 110-kHz frequency range. 
This dual-channel instrument mea- 
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sures distortion to 0.001%, inter- 
modulation distortion, signal-to- 
noise ratio, and a signal’s frequency 
and level. Further, the analyzer 
measures total harmonic distortion 
(THD) and finds the ratio of the 
signal levels at its two inputs over 
an 80-dB dynamic range. The in- 
strument is fully programmable 
over the IEEE-488 bus and can 
store 100 setups internally. $6380. 
Delivery, stock to six weeks ARO. 
Panasonic Industrial Co, 1 Pana- 
sonic Way, Secaucus, NJ 07094. 
Phone (201) 348-7183. 
Circle No 419 


SPECTRUM ANALYZER 


@ Weighs less than 20 lbs 
@ Specs a frequency accuracy of 
+10 kHz at 1 GHz 


The TEK 2710 spectrum analyzer 
covers the 10-kHz to 1.8-GHz fre- 
quency range. Weighing less than 20 
lbs, the analyzer provides a frequen- 
cy accuracy of one part in 10° (or 
+10 kHz at 1 GHz). An optional 
model provides an accuracy of +500 
Hz at 1 GHz. The instrument’s sen- 
sitivity is -117 dBm at a 3-kHz 
resolution bandwidth. If you switch 
on the built-in preamplifier, the sen- 
sitivity spec becomes —129 dBm. 
The analyzer can store four traces, 
and its display provides readouts of 
cursor positions and differences. 
The standard resolution is 3 kHz. 
The manufacturer claims that the 
optional 300-Hz resolution adds 10 
dB of sensitivity. An optional built- 
in frequency counter is also avail- 
able. The instrument’s on-screen 
dynamic range is 80 dB. You can 
select reference levels from among 
dBm, dBmV, dBV, dBpV, dBW, 


The 
Ultimate 
VME SCSI/ 


ST-506/ 
$A-450 


Would Have... 

4 Support for 8 SCSI devices, 
2 ST-506 hard disks and 
2 SA-450 DSDD floppy disks 
on a single card 

4 On-board MC68000 processor 
with 512 KB RAM 

4 Signetics 68454 ST-506/SA-450 
controller 

4 NCR SCSI controller with 16- 
bit DMA data path; supports 1.5 
MBytelsec. async. transfer rate 

4 Dual-ported registers and 
memory accessible by both the 
VMEbus and local 68000 

Oo EXTENDED, STANDARD and 
SHORT VME addressing 

4 On-board VME interrupt 
handler and requestor 

0 Mailbox interrupt communi- 
cation port 

3 Full software support via 
powerful real-time executive 

Cc Drivers for many popular 
devices supported in frmware 


The VUSC 
only from 


a? VAL. 


Dual Systems Corporation 
2530 San Pablo Avenue 
Berkeley, CA 94702 

(415) 549-3854 

FAX: (415) 394-5256 
TLX: 230199 SWIFT 
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and dBuV/m. The instrument has 
50 and 752 inputs. $8250. Delivery, 
10 weeks ARO. 

Tektronix Inc, Box 15149, Port- 
land, OR 97215. Phone (800) 835- 
7732; in OR, (508) 235-7315. 

Circle No 420 


SWEEP GENERATOR 


®@ Covers the 2- to 20-GHz frequen- 
cy range 

@ Lets you set five markers in one 
sweep 


The 6310 sweep generator covers 
the 2- to 20-GHz frequency range. 
Its spurious harmonics spec —40 
dBc, and its subharmonics measure 
—60 dBc. When leveled, the power 
setting has an accuracy of 0.2 dB 
typ. The instrument is fully pro- 
grammable over the IEEE-488 bus. 
It lets you set five markers. The 
unit’s display shows the status of 
the markers and the difference be- 
tween a marker’s frequency and the 
reference frequency. The genera- 
tor’s frequency accuracy is 3 MHz 
typ. The unit stores 20 setups. 
$21,950. Delivery, 60 to 90 days 
ARO. 

Marconi Instruments, 3 Pearl 
Ct, Allendale, NJ 07401. Phone 
(201) 934-9050. 
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PULSE GENERATORS 


© Dual, multigigahertz outputs 
suit GaAs logic and laser diodes 

@ Attenuators don’t limit the de- 
offset range 


The PG 5000A dual-channel pulse 
generator delivers 2V at repetition 
rates as high as 5 GHz; the PG 
3000A specs 5V at 3 GHz. The PG 
5000A’s rise time measures 45 psec 
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(10 to 90%) at 4 GHz. Each channel 
has an independent attenuator that 
ranges from 0 to —20 dB in 1-dB 
steps. The generators’ attenuators 
don’t affect the de-offset range. Ac- 
cording to the manufacturer, the 
instruments’ duty cycle is nearly 
50% at all repetition rates. You con- 
trol the rise and fall times by reduc- 
ing the sinusoidal input-drive level. 
Both generators are available in dif- 
ferential-output and equal-phase- 
output models as well as in single- 
output (4 and 10V) high-power 
models. PG 5000A, $17,500; PG 
3000A, $19,500. The high-power 
versions, PG 5000A-4V and PG 
3000A-10V, cost $22,500 and 
$25,000, respectively. 

Colby Instruments Inc, 1810 
14th St, Santa Monica, CA 90404. 
Phone (213) 450-0261. 

Circle No 422 


SYSTEMS DMM 


© Operates on the IFEE-488 bus at 
100 readings/sec 

®@ Provides stand-alone control of 
signal-scanning units 


The PM 2535 system multimeter can 
control the company’s System 21 
signal-switching and I/O units, al- 
lowing you to implement a data- 
acquisition system with as many as 
twenty 2-pole measuring channels 
without the need for a separate sys- 
tem controller. Alternatively, you 
can control the DMM and the Sys- 
tem 21 units via the DMM’s built-in 
IEEE-488 interface. The PM 2535’s 
de-voltage measurement function 
has a 90-day accuracy of 0.005%; it 
makes fully guarded measurements 
with a resolution of 100 nV. The 
DMM also measures true-rms ac 


volts at frequencies as high as 100 
kHz, current to 3A, resistance be- 
tween 1 mQ and 300 MQ, and temp- 
erature. You can trade measure- 
ment speed for resolution by 
selecting scale lengths between 3% 
and 6% digits. At a 344-digit resolu- 
tion, the PM 2535 can send measure- 
ments to the [IEEE-488 bus at 
speeds to 100 readings/sec. Alterna- 
tively, you can capture as many as 
999 readings in the DMM’s internal 
memory at read rates as high as 150 
readings/sec before transmitting 
them over the IEEE-488 bus. Other 
features include computation capa- 
bilities, limit checking, and storage 
and recall of maximum and mini- 
mum measurement values. $1395. 

Philips, Industrial & Electro- 
acoustic Systems Div, Box 523, 5600 
AM Eindhoven, The Netherlands. 
Phone (040) 757005. TLX 51573. 

Circle No 423 

Philips Test and Measuring In- 
struments Inc, 85 McKee Dr, 
Mahwah, NJ 07430. Phone (201) 
529-3800. 
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PULSE GENERATOR 


® Generates 5-nsec to 100-sec 
pulses 

@ Pulses have a rise time as fast 
as 2.5 nsec 


The DG535 is a dual-channel pulse 
generator that generates pulses 
whose widths range from 5 nsec to 
1000 sec. The instrument also func- 
tions as a 4-channel digital-delay 
generator. You can select output de- 
lays from 1 to 1000 sec with 5-psec 
resolution. The pulse generator has 
TTL, ECL, and NIM (nuclear in- 
strument module) output levels. In- 
ternal trigger rates range from 
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This meter calibrator 
has to be 
precise, stable & versatile... 


_ Each of these superb, mu 


7 rovide AC/DC 


_ voltages, / 


~ 


calibratior 


Rotek’s fully-automated, precision calibration sys- : 390 MAIN ST. 

tems are the most economical in the industry today. If BOX 504 se 
you calibrate large numbers of instruments, a system MCAT Cc WALTHAM, MA02154 et 
like this could save you time and money. INSTRUMENT CORP. (617)899-4611 it” 
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INSTRUMENTS 


NS ae eS SS a SST SS cna 


0.001 Hz to 1 MHz. You can vary the 
outputs’ duty cycle from 0.003 to 
100%. An IEEE-488 interface is 
standard. DG535, $2995; 1-ppm 
TCXO timebase option, $350. 
Stanford Research Systems Inc, 
460 California Ave, Palo Alto, CA 
94306. Phone (415) 324-3790. TLX 
706891. 
Circle No 425 


16-CHANNEL FILTER 


@ Each channel is tunable over a 
0.1-Hz to 100-kHz range 

© Six different 8-pole filter plug- 
ins are available 


The 9016 programmable-filter main- 
frame holds as many as 16 filter 
plug-ins. The filters are tunable 
over a frequency range of 0.1 Hz to 
100 kHz, and they can store 8 preset 
configurations. Each filter plug-in 
has its own BNC connectors at the 
instrument’s rear. The mainframe’s 


controller card has battery backup. 
An IEEE-488 interface is optional. 
Six 8-pole filter plug-ins are avail- 
able for the instrument: Butter- 
worth lowpass, 6-zero Cauer ellip- 
tic, Bessel lowpass, 6-zero 
constant-delay lowpass, Butter- 
worth highpass, and 6-zero Cauer 
elliptic highpass. Model 9016 main- 
frame, $3500; IEEE-488 version, 
$4000; filter plug-ins, from $800 to 
$950. Delivery, eight weeks ARO. 
Frequency Devices Inc, 25 Lo- 
cust St, Haverhill, MA 01830. 
Phone (617) 374-0761. TWX 710- 
347-0314. 
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SWEEP GENERATORS 


@ Synthesizers also perform ana- 
log sweep 

@ Hach unit includes a pulse gen- 
erator 


The 6700 family of 22 swept-fre- 


Get the one word data generator 


for lots of applications. 


Data, Word, or Pattern Generator. Whatever you call it, 
the PI-5800A Data Generator is your best source for 


digital signal generation. 


“Lots of Speed, 
lots of memory, 
lots of channels. 4 


ts 


"Makes lots of 
fx application 
sense, 


old buddy” 


ee ptt 2 hes 


Pulse Instruments 


1234 Francisco Street, Torrance, CA 90502. 
Call 213/515-5330 for demo! 
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quency synthesizers comprises sin- 
gle-band and broadband models. 
Each instrument includes a pulse 
generator with a rise time of no 
more than 10 nsec and with 10-Hz to 
1-MHz repetition rates. The synthe- 
sizers span the 10-MHz to 26.5-GHz 
frequency range. They can simulta- 
neously perform FM, AM, and pulse 
modulation, and they offer continu- 
ous analog sweep and phase-locked 
stepped sweeping. The units feature 
15-msec frequency stepping and 
20-mW output (to 20 GHz). With 
optional attenuators, they provide a 
programmable output dynamic 
range of 100 dB. All units are pro- 
grammable via the IEEE-488 bus. 
Harmonic and nonharmonic spuri- 
ous signals are <—60 dBe. Each 
unit includes a power meter. The 
6700 Series costs from $24,750 to 
$44,000. Delivery, 16 weeks ARO. 
Wiltron Co, 490 Jarvis Dr, Mor- 
gan Hill, CA 95037. Phone (408) 
778-2000. TLX 285227. 
Circle No 427 
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__ PRODUCT MAE 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


NEW ENGINEERING SOFTWARE 


Filter designs active filters up to order 30. Bessel, 
Butterworth, Chebyshev, Allpass; High, Low Band- 
pass and Bandstop. Fully menu driven, Filter 
designs, plots, and selects component values for any 
filter in seconds. LSAP analyzes linear systems 
producing Bode, Nyquist, Impulse, Step Response 
and Root-Locus plots. Micro-CSMP simulates con- 
trol and servo systems with full support for non- 
linear behavior. Filter is $750, LSAP is $450, Micro- 
CSMP is $900 for the IBM PC. 


California Scientific Software 
1159 North Catalina Ave, Pasadena, CA 91104 


(818) 798-1201 
CIRCLE NO 325 


IEEE-488 CONTROL FROM YOUR PC. 
- © Emulate hp and Tektronix controllers. 
C1] Fast and easy-to-use. Thousands sold. 


C1 Program in BASIC, C, FORTRAN, or Pascal 


C1] Hardware and software - $395 complete. 
Capital Equipment Corp. 

Ce 99 South Bedford St. 
Burlington, MA. 01803 

Call today 617-273-1818 
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F 


REE FOR OjJE M TEST 


= Stainless steel "aaa 
w Strain gage : 


Call free 
800-323-7115 
In PA, 800-323-7114 


Mi 


Robinson-Hat 


A Subsidiary of Teleflex incorporated (USA) 


* For PC XT/AT or 
compatibles 
* Routines, se- 
quences and 
terminology 
Ae similar to HP-85 
-* Won't ‘hang up’ 
bus during use 
¢ BASICA, as- 
sembly language, 
Microsoft & Lattice C and compiled 
basic support packages available 


Need additional information on pricing, 

volume discounts, or technical information? 
Call us toll free at (800) 227-7317 
In Ohio (216) 349-3444. 


6200 SOM Center Rd. ° Suite C23 
Solon, OH 44139 


ELECTRONIG 


CIRCLE NO 329 
To advertise in Product Mart, call Joanne Dorian, 212/576-8015 


EE/EPROM PROGRAMMER...with 
Eraser...the ‘‘BEST”’ for $1295." 


@ RAM 512K, upgradeable to 2048K 
@ Programs 2716 to 271024, & equivalent 
@ MOS, CMOS, 40-pin micro P’s, no adapters 
@ Programs virtually all mfg’s, 220+ devices 
@ Time-saving quick-pulse & Int. algorithms 
@ Complete stand-alone editing, 16-char. display 
@ RS-232 Remote control, translation formats 
@ Optional IBM-PC/AT menu-driven S.W. 

* Special US Domestic Introductory Price 


Gi elec PROM & LOGIC 


PROGRAMMERS 


800-367-8750, NJ 201-493-2420. 
DIGELEC, Inc., 1602 Lawrence, Ocean, NJ 07712 
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AutoPCB will Auto-Route your Printed Circuit 
Board with mainframe class performance at only 
$2,500 (1 hr. 30 min. for 250 IC circuit w/95% com- 
pletion). It features Schematic Capture, Netlist, parts 
list, parts placement, Rat’s Nest, Multiple Routing 
Strategies, fine line, 45 deg. turn, Ripout and Re- 
route, SMT, 24 trace layers, 60” x 60”, can handle 
3000 IC Board, buried via, 4,500 generic parts in 
library. Requires AutoCAD to run. 

PRO. LIB, Inc. 

624 E. Evelyn Ave., Suite F 


Sunnyvale, CA 94086 
Tel. (408) 732-1832 Telex 9102406289 Prolib UQ 
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EPROM PROGRAMMER .... $350 


2716 Through 271024 


PAL OPTION ......_....... $250 
20 and 24 Pin Pals 
MPOPTION ............. $100 
8741/42/48/49/51 
BIPOLAR OPTION ......... $350 
—— 16, 18, 20 & 24 Pin Proms 
Se HITACHI/INTEL 
TOROIDAL See icc 
TRANSFORMERS LOGIC ANALYZER ........ $995 
ILP custom manufactures high quality Toroidal Power 90 MHZ. 8 Channel expandable to 32 
Transformers from 30VA to 625VA — with multiple EPROM SIMULATOR ......... $395 


primary and secondary windings as required. ILP provides 
custom design assistance, fast 10-day prototype service, 
and cost-effective OEM quantity pricing. ILP has more 
than 100 popular values available ‘‘off the shelf.’ ILP also 
manufactures isolation transformers and audio output 
transformers. 

Contact ILP Manufacturing Inc., 250 Wildcat Rd., 
Downsview, Ont. M3J 2N5 Telephone (416) 667-9914. 

Fax (416)667-8928 
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Simulates 2716 Through 271024 


FREE DEMO DISK 


ams 


2780 S.W. 14th Street 
Pompano Beach, FL 33069 


1-800-9PC-FREE 1-305-975-9515 
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Welded wire 
construction.. 


the beter design 
ARNOLD 


SAVE SPACE WITH MINI/BUS® BARS 


e Improve power distribution 

e Reduce required board layers 

e Eliminate up to half the decoupling 
Capacitors 

e Fit between or beneath IC’s 


Send for Rogers Mini/Bus® Bars 
Application Bulletin. 


Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 
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Our new Engineering Design Guide is loaded 
with tips and design ideas to reduce parts 

cost and improve product performance using 
Steel wire construction. For a free copy write: 
TITCHENER §.H. Titchener, 28 Titchener 


ee Place, P.O. Box 1706, 
ee, 


Binghamton, NY 13902 
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Phone 607-772-1161 


Flow 
Charting II+ 


The New Plus 

for Fast 

= Flowcharting 
FLOW CHARTING aa 


is new! It’s now , 
Flow Charting II+, with more speed 
+ more functions + more printing options; 

* 10 text fonts; 26 shapes; « Line mode can stop 

at a shape; * Backspace key can erase a line to 

its origin; * Free text entry anywhere, or select auto- 
centering; * Vertical or horizontal printing; one 
chart or multiple charts. 

Used by Fairchild, Bechtel and more than 
500 other major corporations. Edit quickly 
and accurately — even major edits — with 
Flow Charting II+, the Specialist. 


See your retail store or call: 


PATTON & PATTON 


SoftwareCorporation 
800/672-3470, ext. 897 California 
800/538-8157, ext. 897 National 
408/629-5044 Intemational) 
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FREE DEMO DISK 

SCHEMA is a complete, integrated schematic draw- 
ing software package for IBM Personal Computers. 
Use SCHEMA with your PC to draw schematics and 
automatically generate design documentation such 
as Wire and Net Lists, Bills of Materials. Design Rule 
Checks, etc. SCHEMA is $495 and supports most 
common PC hardware configurations. Call or write 
today for a free demo disk and brochure. 


OMATION INC. 
1701 N. Greenville Ave., Suite 809 
Richardson, TX 75081 
(214) 231-5167 
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To advertise in Product Mart, call Joanne Dorian, 
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NEVER BEFORE AVAILABLE... 


e PIN-GRID ARRAY TEST CLIPS 

¢ LCC-PLCC TO DIP ADAPTORS 

¢ DIP (LOW PROFILE) TEST CLIPS 

e LCC/PLCC TEST CLIPS 

¢ DIP TO PGA ADAPTORS 

¢ PGA BREADBOARD ADAPTORS 

¢ PGA INSERTION/EXTRACTION TOOLS 


Emulation Technology Inc. 


422 Ives Terrace 
Sunnyvale, CA 94087 
415/960-0652 
Telex #184817 


CIRCLE NO 333 


MULTIBUS: 


Your Time Has Come! 


The mSBX-241™ 
Multimodule is a 
robust, precision Real- 
Time Clock/Calendar_ ; 
in SBX format with on- “4% 
board battery backup. 


General Features: 
L] For high performance systems: 

no wait states or software overhead 
L] Attaches to all SBX and BLX compatible Multibus boards 
L] Programmable alarm clock and periodic interrupts 
C] 12 or 24 hour time modes, in both BCD and binary format 
L] Internal 100 year calendar with leap year compensation 
L] Selectable automatic Daylight Savings compensation 
LJ Contains fifty bytes of general purpose non-volatile RAM 
_] RMX-86/286 drivers supplied on diskette 


For more information contact: 


Medinova Corporation 


Intelligent Systems Group 
244 West Court, Palatine, Illinois 60067 
Telephone (3 12) 934-4700 


Multibus, Multimodule TM Intel Corp. 
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6800/6809 
Micro Modules | 


DEM 6800/6809 MICROCOMPUTER MODULES for 

__ dedicated control and monitoring. interfaces _ 
_ for sensors, transducers, analog signals, 
solenoids, relays, lamps, pumps, motors, 
keyboards, displays, IEEE-488, serial /O, 


floppy disks. 


Wintek Corp, 
MAM WINTER | 20! Sout steer 
317-742-8428 


CIRCLE NO 339 
212/576-8015 


= 
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Bubble-Memory 


cassette 
system 


° Solid-state replacement for floppy disks. 

e Same size and same mounting holes as 5-1/4’’ 
floppy drive. 

e 128 Kbyte or 512 Kbyte bubble cassettes. 

e Full-height and half-height drives. 

e Inherently non-volatile — no batteries! 

e Directly compatible with Q® -Bus, VMEbus, 
STD-bus, MULTIBUS, VERSABUS & IBM® -PC. 

e Internal RS-232/RS-422 controller also 
available. For detailed specs and applications 


> 3ubsi-tec 


Division of PC/M Inc. 


6805 Sierra Court, Dublin, CA 94568, (415) 829-8700. 
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$975 


, At only $975, no electrical engineer 
fo can afford to be without this end-to-end 
circuit design, simulation and PCB layout tool. 

You can pay up to 15 times more and still not get all 
the features offered by EE Designer—Schematic 
Capture. . .Circuit Simulation. ..PCB Layout. 

30 day money back guarantee. Full purchase price 
refunded if not completely satisfied. 

Call 1-800-225-5669 
today to order your 
package. Bank cards 
welcome. 


eee eee ee 


BZ EG Th a 

PT AaJAVVIE SL 
1284 Geneva Drive 

Sunnyvale, CA 94089 
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SLICE® 
MICROPROCESSOR 
DEVELOPMENT 
TIME BY 40% 


DE-1000 

@ portable, independent, easy-to-use development system 
works under MS-DOS, PC-DOS, VMS, Micro-VMS, 
UNIX, and XENIX. 

@ SLICE - source langage in-circuit emulation - non- 
intrusive symbolic de-bug package for C and assembly 
level code. 

@ universal - supports various families: 8086, 8088, 
80186, 80286, 68000, 68010, 68020, 68008. 

@ extremely powerful breakpoints, triggering, and trace 
Capabilities on C, assembly, and bus cycles. 

@ on-line HELP available. 


It’s the world’s best microprocessor development system. 


Challenge us to prove it. Call 1-800-435-5001 or 617-769- 
2980. 


EMULOGIC 


One Edgewater Drive, Brookside Park 
Norwood, MA 02062 
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SURFACE-MOUNT CERAMIC CHIPS 
Type 11C Monolythic® Ceramic Chip Capaci- 
tors are cost competitive and available on 8mm 
reels for automatic placement and attachment 
to PW boards and hybrid circuits. Choice of 
metallized terminations to fit both surface- 
mounting and hybrid technologies. Full range of 
Capacitance and temperature characteristics. 
Write for Bulletin 6200F to 


Sprague Electric Company 
41 Hampden Road, P.O. Box 9102 
Mansfield, MA 02048-9102 


CIRCLE NO 341 
WORST CASE CKT. ANALYSIS 
HANDBOOKS 


A ‘‘MUST”’ FOR EVERY DESIGN AND RELIABILITY MANAGERS LIBRARY. 
THE FIRST PUBLICATION EVER AVAILABLE ON THIS SUBJECT. 
VOLUME 1 - Introduction to Worst Case Circuit Analysis 
¢ What Worst Case Analysis is all about 
* Tools and Techniques for Performing WCA 
* Detailed Treatment on “‘How to Approach WCA”’ 
* Techniques for Management and Cost Control 
VOLUME 2 - Worst Case Design and Analysis Guidelines 
¢ Digital, Analog and Op Amp Circuits 
¢ Power Supplies 
¢ RF Circuits 
* MIL-STD-1553 Data Bus 
VOLUME 3 - Data Base, Extreme Value Part Parameters Drift 
¢ Theory of and How to Develop a Data Base 
¢ Environmental Effects on Parts 
¢ The Statistical Treatment of Part Bias/Random Variations 
¢ Actual Data Base Sheets for Popular Electronic Parts 
COMPLETE 3 VOLUME SET only $395.00 


(609) 770-0800 


INQUIRE ABOUT D&E’S RELIABILITY ENGINEERING SERVICES 
+ Failure Modes & Effects Analysis 
* Worst Case Circuit Analysis 
¢ Reliability Predictions 
DESIGN & EVALUATION, INC. 
1000 White Horse Rd. 
Voorhees, NJ 08043 
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CIRCUIT SIMULATION from $95.00 


SPICE, the most powerful analog circuit simulation 
program of the 80’s now runs on the IBM PC as IS 
SPICE for only $95.00. Performs AC, DC and Trans- 
ient analysis. 


Improvements are made using a pre processing 
compiler, PRE_SPICE for $125.00 and a graphics 
waveform display and measurement program, Intu 
Scope for $250.00. 


Our unique approach to improving SPICE allows 
complete mainframe compatibility and adds features 
that include: Monte Carlo Analysis, Macro models 
with parameters, parts libraries, automatic data mea- 
surements, bi-directional Fast Fourier Transforms, 
Polynomial Regression and much more. 


Now supporting 3 popular graphics adapters; EGA, 
CGA and Hercules with dot matrix and plotter out- 
puts. The full system is $470.00 and requires 640K 
RAM, 8087 or 80287, fixed disk and graphics adap- 
ter. 


Programs are not copy protected, come with a 30 
day money back guarantee and Newsletter subscrip- 
tion. Shipping via UPS surface is included in the 
U.S.A., foreign add $20.00 for air mail. In California, 
add 6.5% sales tax. 


For information, write or call intusoft, PO Box 6607, 
San Pedro, CA 90734-6607, Tele: (213) 833-0710. 
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INFOHOST 


Turns Your IBM-PC, XT, or AT Into 
A Powerful On-Line Information Host. 


Your customers can use any computer or terminal 
dialing into the information host, 24 hours a day, to 
access its customized database, leave messages, 
and place orders via modem. The customized data- 
base, which can easily be created or updated, may 
contain information ranging from corporate informa- 
tion, product catalogs, service/support information, 
to pricing/ordering information. In fact, whatever 
your business is, you can always customize vital 
business information into the versatile Infohost 
System. 


Infohost can significantly cut down your man-power 
and operating expenses on marketing, order pro- 
cessing, customer services, etc. 


Call us now to get your password and get on-line 
to experience this powerful Infohost. 
Dealer inquiries are invited. 


A-COMM ELECTRONICS, INC. 
377 Route 17 South 
Hasbrouck Heights, NJ 07604 
(201) 288-7885 (201) 288-7150 
Telex: 4948376 
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Butterworth Bandpass, 3nd Order 
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Example from RF Notes 3, Vol. 1, Butterworth Filter Design 


The popular RF Notes series of design aid programs for the IBM com- 
puter can save time and money in analog design problems. These 
programs are fully menu driven, error trapped, and user selectable 
color or monochrome. 

¢ RF Notes 3, Vol. 1 is a real time saver in the design of Butterworth 
response Filter Design. Includes Low Pass, High Pass, Bandpass, and 
Band Reject configurations to the 7th order. Price $200.00. 

eRF Notes 3, Vol. 2 is another time saver in the design of Bessel 
response Filters. Included are Low Pass, High Pass, and Bandpass 
configurations to the 7th order. Price is $200.00. 


P.0. Box 4042 


FeRmon Diamond Bar, CA 91765 


ETRON RF ENTERPRISES | 714-594-8741 
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Glide Through PCB Design 
With Tango-PCB. Just 495. 


Create the toughest board designs with powerful layout 
software that’s a snap to use. Function-rich Tango-PCB 
supports eight layers, true power and ground planes, 
OrCAD™ or Schema™ netlist input, and more. For IBM 
PC/XT/AT. Compare features and you'll buy Tango-PCB. 
Just $495. Or try full-function Demo Package, just $10. 
Thirty-day money-back guarantee. Order toll-free: 

800 433-7801 In CA: 800 433-7802 VISA/MC 


ACCEL Technologies, Inc. ‘Jango PC] 2 


7358 Trade St. 
san Diego, CA 92121 
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EPROM PROGRAMMER 

Model 93 with RS-232, 300 to 19.2K baud, 
hardware handshake, ACK/NAK. Compact in- 
struction set including checksum, silicon iden- 
tifiers supports 2758-27513, 2508-2564, 
MCM68764, new Intel Quick Pulse EPROMs; 
2816A-28256 EEPROMs; 8748, 8749 and 
8751 MPU. Formats include Intel, TEK-HEX, 
S-code, and ASC11 for read, write, split byte 
commands. Price $550, software MS- DOS, 
CP/M $40.Optimal Technology, Earlysville, 
VA 22936. 804-973-5482 
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LOW COST 
HIGH RESOLUTION 
A/D CARDS for 
IBM PC/XT/AT® 
4input channels at +/-—5volts 
Protected differential inputs 
Optically isolated output port — 
Superior stability & low power 
16-Bit 12KHZ plug-in card. ... $475 
15-Bit 7.5HZ plug-incard ....$265 
Flexible data logging software 
unprotected and listable. .. $150 


Expand above to 64 channels w/ 
four $165 analog multiplexers 
Full support for our 6-channel 
thermocouple thermometer $175. 


Call us for quantity pricing. 


LAWSON LABS, INC. 


5700 Raibe Road - 
Columbia Falls, MT 59912 IL 
Phone: 406 387-5355 
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| nt e SYSTEMS 
ww =& BOARDS 
SYSTEM 310, 330, 380 
. Options, upgrades, i ey $15 00 in stock 
SERIES Il, Ill, IV, MDS-800 
PDS-IX_ from $299 


*ALL Options and Upgrades & Parts available 


ICE 49A, 51, 80, 85B, 86A 
88A, 286 from $349 


SBC and SBX_ boards 
from $49 


MULTI BUS™ products from: 


Zendex, NSC, AMD, DTC, Callan, Weta es eee 


a - : Intel. zende: 
634 N. 8th Street Sy. 20 —s 
San Jose, Ca. ee ltered frademoris 

408-993-9011 


Only a Spectatized Manufacturer Could Provide 
Versatile - Economic Products 


With more than 11 years’ experience in this field, we 

proudly offer you various types of conductive silicone 

rubber pads, rubber pads with multicolor and screen 

printing, silicone rubber overlay, rubber pads with 

screen printing on plastic keytops, 0 rings, washers, 

inner caps, tubes, etc., and screen printing flexible — _ 
circuit boards. Please contact us for more information. 


GENERAL SILICONES ee USA 
650 W Duarte 305, Arcadia 

Tel: (818) 445-6036. Telex: arises Sscur 

Fax: —— 
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Power Control | 


110/220 AC by your IBM-PC 


The boards allow you to Con- 


trol/Monitor high voltage AC/DC — 


power lines with your IBM-PC/ 
XT/AT or compatible while pro- 
viding optical isolation. 


QD oua- TECH, INC. 


478 E. Exchange St. Akron OH 44304 
oe 434- 3154 TLX: 5101012726 
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Measure volts, ohms, 
even diodes, anywhere! 
4.5"H x 3”W x 0.5"D, weighs 3 oz. 
e 0.7% basic dc accuracy © 
e Up to 500V ac/dc e 2002 — 20 MN. 
To order, send check or money order for 
$35. (CT residents add 712% sales tax.) 
plus $2. for handling and shipping or 
call TOLL FREE: 1-800-221-5749. _ 
FULL ONE YEAR WARRANTY. 


SIBER HEGNER NORTH AMERICA INC. 
sh 5 Landmark Square, Stamford, CT 06901 


incl 203/967- a eee 
: VISA MasterCard 
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DEVELOPMENT SUPPORT FOR 
8 AND 16 BIT MICROPROCESSORS — 


Sophia’s line of Portable System Analyzers and In-Circuit fale 


__ offers comprehensive design support for HITACHI, INTEL, MOTOROLA, 


NEC, ROCKWELL AND ZILOG MPUs. - 


FEATURES 

eNoWaitStateEmulation 

¢ Communication Support - PC, VAX, vs, UNIX & Others 

e Multiple CPU Support Via Probe Changes Ze 

¢ Symbolic Debuggers, Editors, Assemblers, Linkers, High Level 
Language And More 

¢ Built-In 2K Trace Buffer and Prom Programmer 


SOPHIA SYSTEMS 333 


Reads & Writes. IBM PC Dos 5 514" Disks 
RS-232C 1/0 Ze 

Rugged Portable Packsae 

Host and/or Manual Controls — 

ASCII or Full Binary Operation 

Baud Rates 110 to 19.2 K Baud 
Automatic Data Verification 

Price $995 in Singles - OEM Qtys. Less 


28 other systems with storage from 100K to 35 megabytes 


|) ANALOG & DIGITAL PERIPHERALS INC 


= 815 Diana Drive — 


A D ee : Troy, Ohio. 45373 


513/339 -2241 22, : 
Branch Off Oklahoma : 


KEEPS GETTING BETTER 


* Runs on IBM PC/XT/AT or compatible, supporting most common 
graphic boards, printers and plotters 
* Over 2000 unique library parts 
* Part rotation & mirroring tre 
* Rubberbanding of wires & buses when objects are moved cok 
* Supports A through E size sheets 
* Visible grids, 5 zoom levels 
* Color & monochrome graphics 
* Draws non-orthogonal wires & buses 
* Step & repeat with auto increment/decrement of labels 
* Powerful keyboard macros & auto panning 
_ © Net/wire list, BOM, design check & library creation utilities 


Mil. Spec. IC decoupling 
MICRO/Q Mod 2 capacitors conform to 
MIL-C-39014D, STD 202F. Construction 
seals out moisture and humidity. 
Capacitance: .01pF to .30uF. Achieve 
noise control, reduce noise spikes, in 
conditions from —55°C to + 125°C. Mount 
under DIP IC’s to save up to 30% board 
space. 


Rogers Corp., 2400 S. Roosevelt, 
Tempe, AZ 85282. 602/967-0624. 
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OrCAD gives you so many features, nothing else even comes close. 
Why settle for anything less? At only $495 you will discover that 
OrCAD/SDT is the most powerful and cost effective schematic design 
tool available ... at any price! 


Call today for your Free Demo Disk and brochure. All orders are 
shipped from stock for immediate delivery! 


OrCAD Systems Corporation 
1049 S.W. Baseline, St., Suite 500 
Hillsboro, OR 97123 
(503) 640-5007 


NEED CIRCUIT 
PROTECTION? 
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CROSS 
ASSEMBLERS 


Linker, Librarian 


Ad GR GA for 
= and 1G & PC/MS DOS $295 
Join Forces 
Combineyour=—ri(<‘<‘i<iéi‘aéaé‘dl#*é;~té‘(‘sdll~O*t‘<‘i‘t“ rs r/o rr micro VAX $995 
larger ads with VAX VMS $995 
EDN Product Mart ads VAX UNIX/ULTRIX $995 


for a total 


rhe. 


targeting over 


= 


marketing program. oe mt . 
selec ulacmnt E-T-A has “THE RIGHT STUFF!” 30 microprocessors 
EDN Product Ma @ Commercial, Mil & Low Cost Types @ Magnetic output in standard object codes 
or Thermal @ 0.05 to 400 A, 250V AC or 28V DC relocatable 
@ ON/OFF Switch/Breaker Combination e PC macro 
Board & Snap-in Mounts 
3 ENERTEC, INC. 
[B5]/2/a\ Box 1312 


Lansdale, PA 19446 USA 
Telephone 215-362-0966 
Telex 4948709 ENERTEC 
CIRCLE NO 201 


CIRCUIT BREAKERS 


7400 North Croname Road, Chicago IL 60648 @ 312/647-8303 
CIRCLE NO 200 
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EPROM 
PROGRAMMER 
$349 


Telecom ICs 


Covering the full spectrum of your 
telecommunications needs 


w Call Progress Detectors and Generator 
CMOS detectors for telephone system tones 
(dial tone, ringback, busy, special informa- 
tion); CMOS generator for standard call 
progress tones. 

m= DTMF Receivers 
High-quality receivers for all applications. 

mw MF Receivers and Generator 
CCITT RI/R2 receivers; CMOS generator. 


= DC Signalling Products 
Line sense relay; Dial pulse counter and 
hook status monitor; Binary input pulse 
dialer. 


The EP-1 is a great value, here’s why: 


© IBM PC Software included or RS-232 to any computer 

© ASCII Command driven operation; All intelligence in unit 

© Reads, Programs, Copies over 150 types from 2716 to 27512 
® Optional Intel microcontroller programming head 

© Menu-driven Chip Selection; No Personality Modules 

@ Fast, Slow, Quick-Pulse Programming Algorithms 

@ Intel (8080 & 8086), Motorola, Tekhex, Straight Hex Files 

© Splits Files by Base Address and Odd/Even (16 bit systems) 
® Gold Textool ZIF IC socket ® Full One-Year Warranty 
© Generate & Set Checksums = ®:-5,12.5,21,25V Programming 
© Over-Current Protection © U.V. Erasers from $34.95 
¢ 8 Baud Rates 300 to 38,400 ® Same Day Shipment 


Plt Li Ly 
BP MICROSYSTEMS 
10681 Haddington, #190 / Houston, TX 77043 


LSE cA ania Lnceld Eos (317) 742-8428, (800) 742-6809. 
CIRCLE NO 202 CIRCLE NO 203 CIRCLE NO 204 


To advertise in Product Mart, call Joanne Dorian, 212/576-8015 


smARTWORK® Circuit-Board-Artwork Software. For only 
$895, snARTWORK® lets the design engineer create and 
revise printed-circuit-board artwork on the IBM Personal 
Computer. Forget the tedium of taping it yourself or 
waiting for a technician, draftsman, or the CAD depart- 
ment to get to your projects. With smARTWORK® you 
keep complete control over your circuit-board artwork 
from start to finish. Call or write to Wintek Corporation, 
1801 South Street, Lafayette, IN 47904-2993. 


TELTONE’ 


Teltone Corporation 
10801 - 120th Ave. N.E., Kirkland, WA 98033-9974 
Phone (206) 827-9626 TWX 910 449-2862 
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Guide documents 
Silicon Valley companies 


The fifth edition of Rich’s High-Tech 
Business Guide to Silicon Valley 
provides detailed information about 
2969 Northern California compa- 
nies. The book covers businesses 
located between Bakersfield and 
Napa County and includes 921 ven- 
dors not previously listed. It gives 
names of key executives, addresses, 
phone numbers, numbers of employ- 
ees, maps of company locations, 
year established, and descriptions of 
products. The guide costs $98.50 
plus $3.50 for shipping (California 
residents, add $6.90 sales tax). It’s 
also available on disk for $425. 
Business Directories Inc, 101 
First St, Suite 426, Los Altos, CA 
94022. 
INQUIRE DIRECT 


Brochure addresses 
surface-mount ICs 


This 4-pg brochure highlights the 
manufacturer’s line of small-outline 


surface-mount ICs, particularly its 


PWM products. The pamphlet in- 
cludes thermal characteristics, 
package dimensions, and packaging 
options, and it briefly discusses the 
benefits of surface-mount technolo- 
Ly. 
Silicon General, 11861 Western 
Ave, Garden Grove, CA 92641. 
Circle No 429 


Catalog features data- 
communications products 
This 24-pg catalog highlights the 
vendor’s data-communications prod- 
ucts, including handheld test sets, 
data traps, datacomm testers, test 
sets and printers, modems, data 
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switches, and modular switching 
devices. The catalog is 3-hole 
punched for loose-leaf filing. 
International Data Sciences 
Inc, 7 Wellington Rd, Lincoln, RI 
02865. 
Circle No 430 


All about attenuators 


This 2-pg data sheet describes the 
company’s In-A-Cable subminiature 
attenuators, which come in semirig- 
id cable assemblies. The bulletin 
presents three tables. One table 
lists general technical data: SWR, 
power-dissipation ratings, tempera- 
ture and power sensitivity, peak 
voltage characteristics, dimensions, 
and weight. Another lists materials 
and specs for all attenuator parts. 
The third table gives mechanical 
and environmental characteristics, 
including pressure, corrosion resis- 
tance, shock, moisture, and vibra- 
tion. In addition, graphs plot per- 
formance curves for SWR vs 
frequency and for power derating 
under various temperature condi- 
tions. 
Micro-Coax Components Inc, 
Collegeville, PA 19426. 
Circle No 431 


Source of data on 

the microcomputer industry 
The Personal Computer—An In- 
dustry Source Book includes over 
10,000 company profiles and lists 


more than 22,000 executives directly 
involved in the microcomputer in- 
dustry. Containing more than 1200 
pages, the loose-leaf-bound book 
breaks the microcomputer sector 
into 16 component parts and ar- 
ranges company entries alphabeti- 
eally within each particular area of 
manufacturing emphasis. Each com- 
pany listing includes sales volume, 
year begun, number of employees, 
type of entity, key contacts, ma- 
chine specialization, industry spe- 
cialization, geographic coverage, 
channels of distribution, and prod- 
uct-line descriptions. In addition, 
this year’s edition of the source book 
includes a section on the top 5000 
computer dealers in the US. $495. 
The Personal Computer—An In- 
dustry Source Book, Box 3249, 
Walnut Creek, CA 94598. 
INQUIRE DIRECT 


Switches, muxes cataloged 


This manufacturer’s 1986 catalog 
contains data sheets and applica- 
tions information on 50 new prod- 
ucts, including an entire line of 
CMOS analog switches and analog 
multiplexers. The 82-pg book also 
documents some product advances, 
including the improvements in the 
multiplexers’ overvoltage fault pro- 
tection that continue to protect 
input and output signal sources 
after the removal of power; and re- 
duced power consumption and elimi- 
nation of extra logic supplies on vir- 
tually all second-source analog 
switch products. 

Maxim Integrated Products, 530 
N Pastoria Ave, Sunnyvale, CA. 
94086. 
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Tokin. 
Information handling, 
simplified. 


Now you, too, can introduce magnetic card efficiency 
to your department store, hospital, bank, hotel or 
library—or any other application that demands fast, 
efficient information checks. All thanks to Tokin’s 
new simplified magnetic card readers/writers. Tokin 
magnetic card readers/writers provide a marked in- 
crease in information handling efficiency no matter 
what your business is. Consider, for example, the 
results you'll produce by installing a single MCT-650 
Series motorized magnetic card reader/writer with a 
dozen or two MCT-150 Series manually-operated 
card readers. 

How do we make it so simple? By enabling you 
to connect Tokin’s MCT Series to any personal com- 
puter with a standard RS232C interface, a simple 
operation that also expands your PC applications. 

Why choose Tokin? Because it’s compact, reli- 
able and economical. But this is just a brief intro 
to Tokin’s manual magnetic card readers. Our MCI 
and MCS Series card reader units provide depend- 
able service for a vast range of applications, using 
original integrated circuits for the F2F decoder, and 
a variety of Tokin exclusive magnetic heads. 

With a solid grounding in magnetic manufactur- 
ing technology, from magnetic cards on up, we 
promise that Tokin Magnetic Card Readers 
read and write like nothing else can. 


And we promise to make it 
simpler than you imagine. 


MCT-650 Series 


MCT-150 Series 


Interface of MCT-650 and 
MCT-150 Series 


MCT-650 Series | MCT-150 Series 


Communication 
standards Standard EIA, RS232C 
Start-stop : 
Communication | synchronization, a ie 
mode full duplex Petes 
(half duplex) ee 
Transmission 1,200/2,400/ +200 
speed (baud) 4 800/9,600 
Start bit { 
Communication Data bit 8 
format Parity (even) 1 
Stop bit 1 
ere Motorized Manual 


Performance Read/write Read only 


Applicable Magnetic Card 
Card Standard 


MCl-111 ISO, track 2 
MCI-112 ISO, track 1 
MCI-113 ISO, track 3 


ISO, track 1 and 2 
ISO, track 2 and 3 


(32.5 x 32x 100) 


*(E): With cover 
Card Reader Units 


MCI-110 
Series 


MCS-130 
Series 


MCS-130- 
E type 


‘Tokin Corporation 


Head Office: Hazama Bldg., 5-8, Ni-chome, 
Kita-aoyama, Minato-ku, Tokyo 107, Japan 

Tel.: Tokyo (03) 402-6166 Telex: 02422695 TOKIN J 
Tokin America Inc. 

2261 Fortune Drive, San Jose, California 95131 
U.S.A. Tel.: 408-946-4887 

You can reach our agents by phone: 
London 01-837 2701; Paris 1-45 34 75 35; 
Milan (0331) 678.058; Munich (089) 5164-0; 
Seoul (02) 777-5767; Taipei (02) 7311425; 
Hong Kong 3-315769; Singapore 747-8668; 


CIRCLE NO 163 293 


LITERATURE 


Brochure aids in selecting 
surface-mount packages 


This brochure describes the differ- 
ent package sizes available for the 
company’s CMOS special-function 
devices, as well as the ICs’ capabili- 
ties. The products covered include 
A/D and D/A converters, PLL/fre- 
quency synthesizers, decoders, dis- 
play drivers, smoke detectors, re- 
mote-control devices, op amps, and 
comparators. The brochure de- 
scribes PLCC and small-outline 
package structures and advantages. 
Request BR503. 

Motorola Inc, Literature Distri- 
bution Ctr, Box 20912, Phoenix, AZ 
85036. 
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Brochure details sweeper 

This brochure describes in detail 
Model 706, a solid-state millimeter- 
wave sweeper with a 26.5- to 110- 
GHz range. In addition to discuss- 


MARQUARDT @® 


ing the sweeper’s capabilities and 
performance, the pamphlet men- 
tions the modulation and leveling 
options. Photographs and charts 
supplement the text. 
Micro-Now Instrument Co Ince, 
Box 1488, Skokie, IL 60076. 
Circle No 435 


Documents on ASICs 


These three pieces of literature pro- 
vide an overview of the company’s 
ASIC offerings. The ASIC Continu- 
um gives a synopsis of available 
ASIC products, ranging from pro- 


from Marquardt repair. 


than 65,0 
for less than $600.00 


For true full-speed emulation, ICEBOX is 
the portable alternative. 

Small and compact, ICEBOX is the most 
cost-effective microprocessor emulation tool 
available. Perfect for trouble- 
shooting, hardware and software 
development, production test and 


grammable logic devices to gate ar- 
rays to cell-based custom ICs. ASIC 
Design: A Continuum of Alterna- 
tives describes the various design- 
interface and design-tool options, 
including workstation libraries and 
personal-computer-based systems. 
The 2-Micron Gate Array Databook 
contains detailed design, applica- 
tions, and data-sheet information 
for the manufacturer’s line of CMOS 
gate arrays. 

Gould Inc, Semiconductor Div, 
3800 Homestead Rd, Santa Clara, 
CA 95051. 
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Short-form catalog includes 
data on VLSI products 


This 8-pg catalog features the com- 
pany’s analog and digital VLSI 
products such as A/D and D/A con- 
verters, multipliers, multiplier/ac- 
cumulators, memory/storage prod- 
ucts, and special-function products. 


An in-circuit emulator this Naess 
should cost ten times more! 


ave you more 
0 breakpoints 


Switches, Inc., a com- 

plete family of Internationally 

Approved switches. Pushbutton, 

toggle, rocker, micro and line voltage 

selector switches in a variety of mounting styles 

and colors featuring the original “Soft Look”. @All 

International Approvals eSilver alloy contacts standard 
eSPST,SPDT,DPST,DPDT & 3-Position & Momentary ®Gold 
plated contact with PC terminals e6A through 16A, 125/250V AC 


294 


Marquardt Switches Inc. 
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Cazenovia, New York 13035 315/655-8050 TWX 703287 UD 


@ 65,535 hardware breakpoints 

@ Built-in RAM and ROM tests 

@ Runs at target system speed 

@ Finds software bottlenecks in code 

@ Simple, powerful operator interface 

@ Z80, 64180, NSC800, 8085, 8086, and 

8088 supported 

Optional ICEpack software is available for 

symbolic debugging and special applications. 
Find out how ICEBOX combines power 

and price to save time, money and guesswork! 


Call 800/433-8812! 


VISA, MasterCard, American Express Accepted! 


OFIAID, Inc. 


8930 Route 108 
Columbia, MD 21045-2101 
301-964-8455 
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and analog microcircuits, space hy- 
brids, and advanced modules. It 
also discusses the vendor’s packag- 
ing technology and computer-aided 
design and manufacturing capabili- 
ties in terms of the microcircuits 
featured. 
Hughes Aircraft Co, Box H, 
Newbury Beach, CA 92658. 
Circle No 439 


areas Ber mCe I> 


The catalog also includes a listing of 
packaging styles, with photos to go 
along with the key packages. 

TRW Electronic Components 
Group, LSI Products Div, Box 
2472, La Jolla, CA 92038. 
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Tutorial on bar codes 


Making the Bar Code Connection is 
a tutorial on bar-code data-collec- 
tion networks. It explains three 
types of networks: on-line, fully in- 
tegrated; stand-alone; and hybrid. 
It also discusses the advantages and 
disadvantages of each. Each section 
diagrams typical network configu- 
rations using components that con- 
stitute the company’s Crossbar 
data-collection network (eg, read- 
ers, scanners, printers). 
Intermec Corp, Box 360602, 
Lynnwood, WA 98046. 
Circle No 438 


Microcircuits described 


This 12-pg brochure covers the man- 
ufacturer’s custom-design capabili- 
ties and line of hybrid microcircuits, 
including high-speed digital cir- 
cuits, power hybrids, microwave 
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The whistle blower’s burden: 


Public approval, 
corporate exile 


Deborah Asbrand, Associate Editor 


In public testimony before the presi- 
dential commission investigating 
the explosion of the space shuttle 
Challenger, two engineers em- 
ployed by Morton Thiokol told the 
panel that they had argued against 
the launch. Shortly after the men’s 
testimony, the company was re- 
ported to have stripped them of 
their responsibilities, and to have 
reassigned them to lesser projects. 

The men were reinstated follow- 
ing Congressional criticism and an 
announcement by NASA that it 
planned to look into the reassign- 
ments, but the incident does reveal 
the serious consequences sometimes 
suffered by individuals who expose 
instances of fraud, corporate waste, 
or safety violations. In recent years, 
“blowing the whistle” has become 
more acceptable, but individuals 
who step forward continue to con- 
front conflicting signals from the 
public, their employers, and their 
coworkers—and from all corners, 
they find little real support. 

As a result of the publicity gener- 
ated by the Challenger tragedy, 
public pressure on professionals to 
report corporate or governmental 
wrongdoings has never been great- 
er, says Professor Myron Peretz 
Glazer of Smith College. The most 
telling lesson from the explosion 
that killed the seven astronauts is 
the high cost of failures that involve 
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sophisticated technology, says Glaz- 
er, co-author of a forthcoming book, 
The Courage of Their Convictions: 
An Ethical Odyssey in Government 
and Industry. “If you see specific 
problems and don’t speak up... , 
you're very likely putting a lot of 
people in jeopardy. That was the 
fundamental lesson that came 
across the nation’s TV screens.” 
Some whistle blowers have at- 
tained the realm of legend in recent 
years. Such famed informers as New 
York policeman Frank Serpico and 
nuclear worker Karen Silkwood are 
virtually folk heroes in our society. 
Louis Clark, executive director of 
the Government Accountability 
Project (GAP), an organization that 
aids informers both inside and out- 
side of government, observes: “It’s 
far more socially acceptable now. 
Public officials say great things 
about whistle blowing, there is good 
TV coverage, you see a showering of 
acceptance and of awards being 
given.” Professor Glazer argues 
that the end result of widespread 
acceptability is that the public ex- 
pects that those with knowledge of 
abuses or hazards will report them. 
“Over the last 20 years, we as a 
nation have come to expect that in a 
dangerous situation someone will 
come forth. We expect that there 
will always be a Karen Silkwood.” 
Yet the code of ethics that the 


honors 
often contradicts what 
the public, as well as the 


workplace 


individual, conscience dictates. 
Companies may openly call for frank 
communication between managers 
and employees and then privately 
retaliate against employees who no- 
tify their supervisors of misdoings. 
“Retaliation against whistle blowers 
is predictable,” says Glazer. What 
he found “astounding” about the 
Morton Thiokol case was that the 
engineers had gone before the com- 
mission, not of their own volition, 
but because they had been called to 
testify, and their employer still al- 
legedly retaliated against them. 


Internal avenues tried first 


Researchers have found that most 
whistle blowers do act of their own 
accord in matters involving negli- 
gence, initially broaching their con- 
cerns with their employer. “They 
usually go to the supervisor or 
someone in charge,” says Don Soe- 
ken, a Maryland psychologist who 
has studied the cases of more than 
80 whistle blowers. “Eighty-five 
percent say that does no good. The 
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majority report retaliation from 
their supervisor. If they’re in pri- 
vate industry, they usually get 
fired.” 

Among their coworkers, individu- 
als often find a similar lack of sup- 
port. In interviews after their testi- 
mony, the Morton Thiokol engineers 
reported that their coworkers con- 
sidered them disloyal and naive 
about internal politics—an all too 
common experience, observers say. 
“A person in a company who bucks 
the management, who embarrasses 
them, often becomes a pariah 
among fellow workers,” says Louis 
Clark. 

Some coworkers fear that if they 
continue their friendships or even 
have lunch with an individual who 
has broken rank with management, 
management will begin to view 
them, too, with suspicion, says 
Clark. In addition, informers often 
find themselves ostracized by anoth- 
er group: colleagues who also wit- 
nessed or had knowledge of the 
wrongdoing but didn’t speak up. 
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Paul Schulenburg 


“They turn their backs on [the whis- 
tle blowers] because of their own 
shame,” says Clark. “They feel 
guilty and shy away from them.” 

Clark also points out that, in addi- 
tion to suffering the usual moral 
pressure to speak out, engineers 
find that the scientific nature of 
their work heaps even more pres- 
sure on them. The profession’s spe- 
cific design parameters leave less 
room for questions—and rationali- 
zations—about a project’s quality, 
he points out; either a product 
meets design specifications or it 
doesn’t. In addition, signing off on a 
project or design gives an engineer 
a sense of personal responsibility, 
particularly if questions of safety 
arise. “That is exactly what hap- 
pened at Morton Thiokol. [When 
they testified,] the engineers were 
asked to put on management’s hat 
and approve a decision that, as engi- 
neers, they would never have 
made.” 

The actions of the Morton Thiokol 
engineers are typical of the engi- 
neers whom Soeken has met 
through his research. “The [engi- 


neering] whistle blowers that I’ve 
talked to are traditional ethical. 
thinkers,” says Soeken. “They know 
what’s right and what’s wrong, and 
they report it that way. That’s part 
of their training. They think ration- 
ally and mathematically.” 

The process of blowing the whis- 
tle, however, remains painfully slow 
and full of anguish, testing the met- 
tle of even those individuals whose 
confidence in their decision appears 
unshakable. Losing support at any 
stage in the process—whether that 
support is from the individual’s fam- 
ily, friends, or advisors—can 
threaten the informer’s ability to 
continue. 


Lending support 


Electrical engineers find little in 
the way of support from profession- 
al societies. Gerald Gordon, chair- 
man of the IEEE Ethics Commit- 
tee, admits that the organization 
offers its members no more than 
moral encouragement. “We don’t re- 
ally know what to do. If we enter 
these cases, we can be sued too. 
[Companies] could say that by our 
entering into the case, they’d lose 
business. That’s one reason we're so 
timid. Our hands are tied by the 
threat of suit.” 

The electrical engineer can turn 
to GAP, a nonprofit, public-interest 
organization that offers counseling 
and legal assistance to those who 
are employees of government offices 
or of government contractors, and 
who are considering reporting 
wrongdoings. At its headquarters 
in Washington, DC, GAP’s 18 paid 
staff members, 12 of whom are at- 
torneys, represent clients in more 
than 80 cases at any given time. 
Involving 200 clients and more than 
300 witnesses, the case load already 
taxes the staff’s capabilities, leaving 
a limited amount of time to handle 
incoming calls. Clark regrets that 
staff members must often schedule 
a later date at which to talk with 
callers. “If we never hear from that 
person again, we’re left to think ‘if 
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New 
Instruments 


j.P-based Programmable 
E/I de Calibrator 


Model 520/A 


The Model 520/A is micro-processor based and 
is compatible with IEEE-488, (GP-IP). 


The height is only 32 inches, features current 
mode outputs from 10 nanoampers (nA) to 110 
milliampers (mA), in 2 ranges, with extraordi- 
nary compliance of 100 Vdc. Even with this 
power, ideal for transducer instrument test- 
ing (4-20 and 10-50 mA), the accuracy is 

+ 0.005%! 

The voltage mode has 3 ranges with outputs 
from 100 nV to 110 Vdc and optional to 1100 
Vdc. Compliance current is 100 mA. The one 
year accuracy is + 0.002%. 

All ranges and both modes resolve to 1 ppm. 
A crowbar zero provides a reference for this 
essential value. 

Availability: 60 days. 

Price: $2,895. 1OOOV option $895. 


GSA contract GSOOF-86293 


Engineering Contact: Bob Ross 
Tel: (617) 268-9696 
CIRCLE NO 5 


1000 Volt AC Amplifier 


Model 4200 


Very low cost AC voltage amplifier with a fixed 
gain of 100. Can be used to extend the output 
range of the EDC Model 4500, 100 Vac Cal- 
ibrator, or used with AC voltage calibrators of 
most other manufacturers. 


Specifically designed to use for the calibra- 
tion of digital multimeters, digital and analog 
meters. 


Range: 100 V to 1100 Vac, rms 

Input Voltage: 10 Vac, rms 

Fixed Gain: 100 

Gain Accuracy: 0.05% 

Frequency Band: 40 Hz to 30 kHz 
Distortion: 0.2% of setting 

Dimensions: 7.0H x 19.0W x 13.8D inches 
Weight: 40 Ibs. 


Price: $1995 
Availability: 60 days ARO 


Engineering Contact: Bob Ross 
Tel: (617) 268-9696 
CIRCLE NO 6 


ELECTRONIC DEVELOPMENT CORP. 
11 Hamlin St., Boston, MA 02127 
Tel: (617) 268-9696 

TLX: 951596 (ELECDEVCO BSN) 

RCA TLX 240 895 (EDC UR) 
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PROFESSIONAL ISSUES 


only we’d been here when they 
needed us,’” he says. “These people 
may never talk about it again.” 

Ten to 12 people telephone GAP 
each day seeking advice or assist- 
ance; 20% to 25% of the calls are 
from engineers. The shuttle disas- 
ter increased the call load dramati- 
cally. “Our phones are ringing off 
the hook,” says Ann Lowry, assist- 
ant to the director. Of the engineers 
who phone the center, she reports, 
nearly all mention the shuttle explo- 
sion within the first hour of conver- 
sation. 


Companies may openly call 
for frank communication 
between managers and em- 
ployees, and then privately 
retaliate against employees 
who notify their supervisors 
of misdoings. 


Aware of their pivotal role in the 
reporting process, GAP’s attorneys 
take pains to allow individuals to 
make their own decisions about pur- 
suing their complaints. Clark says 
that although most attorneys advise 
potential clients not to blow the 
whistle because of the consequences 
to their professional and personal 
lives, GAP’s staff takes a different 
stance. “People are responsible for 
their own decisions, and lawyers 
should help them make them most 
effectively with the least possible 
harm to themselves,” he says. “[An 
attorney’s] job isn’t just to see that 
people should keep their jobs, but to 
see that people live their lives as 
they see fit.” 


Well-developed sense of purpose 


A well-developed sense of purpose 
is often what motivates whistle 
blowers and gives them the courage 
to speak out and report what they 
see. “Our perception is that they 
have a definition of themselves that 
goes beyond the work-place defini- 


tion,” says Clark. “They have a 
sense of themselves that isn’t deter- 
mined by their jobs or their fellow 
workers, and that allows them to 
take the risk.” It is also what 
enables them to rebuild their lives 
after taking a stand against their 
employer. 

Industry’s attitude may be chang- 
ing. Gary Edwards, executive direc- 
tor of the Ethics Resource Center, a 
Washington, DC, organization that 
assists companies in developing 
standards and guidelines for em- 
ployees, says that corporations’ in- 
terest in ethical issues normally 
waxes and wanes according to the 
public’s interest. But the scrutiny 
that the defense industry’s practices 
have undergone over the past two 
years, and the corporate-merger 
trend, which results in companies 
having to acclimate large numbers 
of new employees, have resulted in a 
marked increase in the number of 
companies contacting the center 
over an extended period of time. 

Corporations face a twofold prob- 
lem when employees allow fraud, 
waste, or safety hazards to occur, 
Edwards points out. Not only is the 
technical failure itself a problem for 
the company; management must 
also overcome the climate of silence 
that can allow the technical failure 
to do great harm. “Companies 
should want an environment where 
people so identify their values, pur- 
poses, and objectives with those of 
the company that they wouldn’t let 
something go wrong and not tell 
about it.” 

Management’s responsibilities in- 
clude shouldering the blame for an 
environment that fails to support 
employees, says Edwards. “If they 
create an environment where good 
people can’t do their jobs and do 
them with integrity, then they need 
to be called to task for it.” EDN 


Article Interest Quotient 
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© DAVID MUENCH 1985. 


*Tek is a registered trademark of Tektronix Corporation. 
*HP is a registered trademark of Hewlett Packard Corp. | 


Arium. Logic analyzers 
with features Iek° doesn't match. 


Introduced only recently, this powerful 
new series of logic analyzers is already 
successfully overcoming the traditional 
dominance of Tektronix by offering easy 
to learn, easy to use features the giant 
either doesn’t have—or can’t offer at a 
competitive price. 

Put Arium To The Test. Compare what 
you get with what you pay for the Arium 
4100C Series: 

For only $2,995, System L operates 
on 4 channels at 100 MHz all the way to 
32 channels at 12.5 MHz. It offers 
powerful data qualification by word, 
word combination or code area. Complex 
triggering, with up to four level sequence 
selection (including Boolean combina- 
tions). And displays in flexible formats. 
All for only $2,995. 

For just $4,685, System 8 handles all 
major 8-bit microprocessors with the 
same speed and features as System L. 
Then it adds disassem- : . 


sequencing, powerful search and 
compare, eight saved set-ups, and 
RS-232C communications. Its price: 
$4,685. 

For merely $5,850, System 16 gives 
you all the features of System 8, then 
adds troubleshooting of 68000, 68010, 
8086 and 8088 chips with powerful 
features never before available. Prefetch 
filtering that eliminates unexecuted 
prefetches and prevents false triggering. 
Full bus cycle display. Jump mode™ for 
automatic tracing of start and stop 
points of branches. Cycle unscrambling 
on up to 62 channels. And all for $5,850. 
(Optional 5 nsec glitch pod and ROM 
emulators are also available.) 

Call (800) 862-7486 (in California 
(714) 978-9531) or write 1931 Wright 
Circle, Anaheim, CA 92806, for free 
Information Pack on the Arium 4100C 
series. What logic analyzers should 

have been from the 


bly, including all as 
exceptions and bus 
cycles, built-in non- 
volatile memory, 
automatic test 


CIRCLE NO 174 


beginning. 


Available for rent from 
U.S. Instrument Rentals, 
(800) 824-2873. 
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PROFESSIONAL CAE/CAD SOFTWARE STARTING AT $Q715 


A clear path through the CAE/CAD EE Designer. Schematic capture, enhanced graphics 

software maze. There are many digital logic simulation, manual interac- for symbol creation, 

CAE/CAD systems on the market tive layout, limited multilayer capability. dimensioning capabilities. 
today, but most are unproven in the $975. Improved facilities for analogboard _ 
work environment. With over 2,000 AutoRouter. Two layer Auto- design (improved groun . 
packages sold, the one system that Router for EE Designer. ___ userdefinable trace widths.) _ 
has been getting the job done where Uses vias and orth- $1,875.  . 
oe ogonal routing AutoRouter Ii. Multilayer 
This is the IBM PC-based end-to-end style. $97 ‘AutoRouter for EE Designer Il. 


CAE/CAD system that performs. 

Professionally. And affordably. That's 
why it’s quickly become first choice 
of small and large companies alike. 
And the latter category includes 
companies like AT&T, Eastman 
Kodak, General Electric, — 
IBM, Motorola, Sony, Texas 
Instruments, Westinghouse, 
and Xerox, to name just a few. 


Join them and more than a thousand 
other companies in making the smart 2 
move—risk free. Order EE Designer or EE Designer Il. Schematic capture, 


© Supports routing with or without 
Vilas using orthogonal routing style. 
$1,475. 

EE Designer II and AutoRouter II may 
be purchased together for $2,975. 
System requirements: IBM PC/XT/AT 
or compatible with 640K memory. 


Plug-in graphics 
"Card forIBMPC —_ 
generated by EE Designer To order, call toll-free aS 


1-800-225-5669 


the advanced EE Designer Il, try it for _ digital logic simulation, manual inter- 
30 days and be fully satisfied or your active layout, extended multilayer 
money back. and surface mount (SMD) capability, 
1284 Geneva Drive > 
IBM PC, XT and Al are trademarks of International Business Machines Corp. Sunnyva le, CA94089 
_ (408) 745-1551 
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CAREER OPPORTUNITIES 


1987 Editorial Calendar and Planning 
Guide 


Issue Recruitment ED 


Date Deadline Editorial Emphasis 


EDN News 


Feb. 5 Jan. i Be Test & Measurment; Com- 
munications Technology; 


Software 


Feb. 19 Jan. 29 Analog ICs; Artificial In- 


telligence; CAE 
Closing: Feb. 4 


Mailing: Feb. 20 


Mar. 4 Feb. 12 Computer Graphics; Com- 
munications ICs; Test & 


Measurement 
Closing: Feb. 18 


Mailing: Mar. 16 


Mar. 18 Feb. 26 CAE; ASICs; Electro ’87; 


Show & Product Preview 


Mar. 31. Mar. 10 Electro ’87 Show Issue; 
Design & Development 
Tools; ICs & 


Semiconductors 
Closing: Mar. 19 


Mailing: Apr. 9 


Apr. 15 Mar. 26 


Microprocessor Technology; 
Software Development; 


Digital IC 
sdb . Closing: Apr. 2 


Apr 30 Apr. 9 Communications Special Mailing: Apr. 23 
Issue; ASICs; Test & 
Measurement 
Closing: Apr. 16 
May 14 Apr. ie Analog Technology Special Mailing: May 7 
Issue; ICs; Test & 
Measurement 


Closing: Apr. 30 


May 28 May 7 Computer Peripherals; Soft- Mailing: May 21 
ware; Power 
Sources/ Devices Cee May 14 
June 11 May Za Math ICs; CAE; Computers Mailing: June 4 
Closing: May 28 
June 25 June + ASIC (Semicustom ICs) Mailing: June 18 
Directory; Analog ICs; 
Surface-Mount Technology 


July 9 June 18 Product Showcase-Volume 1; 
ICs & Semiconductors; 
Software : 
Closing: June 25 
July 23 July Zz Product Showcase-Volume Mailing: July 16 
II; Computers & Peripherals; 
Test & Measurement 
Instruments : 
Closing: July 9 


Aug. 6 July 16 Computer Boards; Digital Mailing: July 30 
Signal Processing; Test & 

Measurement; Top Ten 

Reader Vote Contest 

Closing: July 23 
Mailing: Aug. 13 


Aug. 20 July 30 Military Electronics Special 


Issue; Fiberoptics; Software Closing: Aug. 6 


Mailing: Aug. 27 
Closing: Aug. 20 
Mailing: Sept. 10 


sept.-5 = Aue: 13 
Sept. 17° Aug. 27 


Analog ICs; CAE; ASICs 


Memory Technology; Com- 
munications Technology; 
Software 


Closing: Sept. 3 
Mailing: Sept. 24 


Oct. 1 Sept. 10 Surface-Mount Technology; 


Computers & Peripherals; 
Industrial Product Showcase = 
Closing: Sept. 17 
Oct. 15 Sept. 24 Test & Measurement Special Mailing: Oct. 8 
Issue; Analog ICs; ASICs 
Closing: Oct. 1 


Mailing: Oct. 22 


Call today for information. 


East Coast Janet O. Penn (201) 228-8610 
West Coast Dan Brink (714) 851-9422 
National Roberta Renard (201) 228-8602 
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SENIOR EW 
ENGINEERS & MANAGERS 


JOIN AN ELITE GROUP 


Eaton Corporation has a select group of profes- 
sionals in Westlake Village dedicated to advanced 
solutions on challenging programs in advanced 
integrated EW Technology for the U.S. Army. 


AIL Westlake Operations offers the professional 
advantages of leadership in the EW industry, along 
with the freedom and environment of a small re- 
search and development center. If you have the 
drive and initiative required of a dynamic business 
expansion venture, as well as the following back- 
ground, we would like to talk to you. 


- Threat Analysis & Simulation 

- EW System Design in response to customer 
requirements 

- RF Digital, Analog & Software Conceptual Design 

« Mathematical analysis of EW System 
performance 

« Requirements definition including preparation 
of specifications, interface control documents, 
test plans, etc. 

- Customer, vendor and design engineering 
interface 

¢ Monitoring of EW RF, digital, software 
development process from requirement 
definition through systems integration and test 

- Program/project management and 
administration 


For immediate consideration sendresume with sal- 
ary history to W.F. Smith, Manager, APPLICANTS 
ONLY, U.S. CITIZENSHIP REQUIRED. Eaton Corporation, 
31717 La Tienda Drive, Box 5009, Westlake Village, 
California 91359. An Equal Opportunity Employer M/F. 


E:TeN 
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ERIM REPORT #4 


The Science of Range-Doppler Imaging 


Fundamental range-Doppler radar imaging 
methods developed at ERIM are providing 
new capabilities in a variety of applications. 
Range-Doppler Imaging 

Fine Resolution microwave or laser images 
of objects which are rotating with respect to 
the radar system can be formed using the 
principles of range-Doppler imaging. Range 
resolution for such a system is provided by 
ranging with wideband waveforms subjected 
to pulse compression to accurately measure 
distance to the scatterers of interest. Cross- 
range, or azimuth, resolution is provided by 
performing Doppler-frequency spectral 
analysis (FFT) within range bins. Signals 
with higher Doppler frequency content are 
associated with scatterers of greater line-of- 
sight velocity which in turn implies increas- 
ing cross-range offset from object center. 
Display of the range bins and Doppler- 
frequency cells within range bins in a rectili- 
near grid results in a reflectivity image of the 
rotating object or scene. 


With this approach, finer azimuth resolution 
is obtained by performing the Doppler spec- 
tral analysis over increasing time intervals. 
However, as one strives for finer resolution 
the integration time can become so long that 
individual scatterers begin to move through 
the image resolution cells that one is 
attempting to form. In such a case the 
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resultant image quality actually degrades 
with increased integration time. 


Polar-Format Algorithm 


A number of image-formation algorithms 
have been formulated to compensate for the 
effects of motion through cells during the 
integration period. The Polar-Format Algo- 
rithm, developed at ERIM for use with our 
ground-based and airborne imaging radar 
systems, has become widely noted as an 
extremely powerful, yet elegantly simple and 
efficient method for overcoming these pre- 
vious limits of imaging capability. The 
images below show a Volkswagon and its 
associated microwave range-Doppler image 
processed using the Polar-Format algorithm. 
This image was produced using the ERIM 
ground-based, range-Doppler imaging 
facility. 

Applications 

Fine-resolution range-Doppler imaging is 
applicable to a number of situations, includ- 
ing space object imaging (SOI), Inverse Syn- 
thetic Aperture Radar (ISAR), and Spotlight- 
mode SAR for airborne imaging of ground 
scenes. In principle, the approach is suited 
to both optical and radar wavelengths, Also, 
the theory has been extended to allow for 
three-dimensional imaging of objects given 
suitable signal collection configurations. 


Reader Vote No. 9012 


The Environmental Research Institute of 
Michigan (ERIM) is a scientific research 
institute that performs contract research 
services for a variety of sponsors. Our 
sponsors include government organiza- 
tions, industry, and universities. Research 
at ERIM focuses upon remote sensing sys- 
tems, devices, and techniques that span 
the electromagnetic spectrum. Within this 
broad research area, staff members employ 
their knowledge of modern electronics, 
optics, computer science, and infrared and 
microwave physics. 


Career Opportunities 


ERIM’s technical divisions have research 
and management positions available in 
Ann Arbor, MI, Washington, DC, and Los 
Angeles, CA. Positions are available at 
several levels in the following areas: 


© Radar System Engineering 
and Analysis 
@ Signal and Image Processing 


@ Microwave Scattering and 
Measurement Engineering 


© Diffractive Optics 


© E-O/IR System Design and 
Analysis 


Infrared Phenomenology 
Computer Vision 
Optical Computer Systems 


Phase Retrieval/Signal 
Reconstruction 


All positions require a BS, MS, 

or PhD in engineering, physics, 
mathematics, or statistics, along 
with appropriate work experience. 
Salary and benefits are highly 
competitive. 


For details, telephone (313) 
994-1200, ext. 2260. Or send your 
resume to Personnel Administrator, 
Dept. Eon, ERIM, P.O. Box 8618, 
Ann Arbor, MI 48107-8618. 


LFe/M1 


U.S. Citizenship required 
Equal opportunity employer 
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SYSTEMS & HARDWARE ENGINEERS 


General Electric’s dynamically expanding 
underwater acoustic programs offer talented 
professionals a wide choice of break-through 
career opportunities. 

Assignments may range from design and 
development of surface ship ASW systems 
and submarine sonars...to transducer 
research and artificial intelligence utiliza- 
tion...to field installation and fleet support. 

Basic requirements are a BS degree in 
Electrical Engineering, Physics, 
Applied Math, Computer Science or 
Computer Engineering...plus at 
least 4 years directly applicable ex- 
perience. A background in Signal 
Processing, Systems Architecture, 


NEW OPPORTUNITIES 


Analog Design, Displays, Human Factors 
Engineering or Data Processing would be of 
particular interest. 

General Electric's highly competitive 
salary and benefits package includes exten- 
sive in-house technical and management 
training. Syracuse is notable for its low cost 
of living and is situated in beautiful lake 
country, with many cultural and recreational 
attractions. Mail resume to: 

Program Manager, ALI: Sonar, 

General Electric Company, 

Mail Drop CSP-4-48, Dept. EDN8, 
Box:4840,:Syracuse, NY 13221. 
U.S. Citizenship Required. 

An Equal Opportunity Employer. 


The Future.Is Working At General Electric 


Reader Vote No. 9013 


The qualified professionals who become part of Western 
Digital will discover that our success story has no end. An 
established leader in the Semiconductor, Storage 
Management and Data Communications industries, our 
sales have grown 146% over 3 years and our profits have 
increased 170%. With our diversified customer base and 
aggressive market penetration strategy, we are confident the 
growth will continue. Outstanding career advancement 
opportunities exist now for the following individuals. 


Senior Engineers 

Will develop/maintain graphics and imaging software for 
IBM PC/XT and AT products. Minimal requirements 
include BSCS plus 2 years related experience in the areas of 
I/O drivers for advanced peripheral device controllers (i.e. 
raster image processors, display controllers and image 
scanners). 


Senior Firmware Engineer 


Will develop firmware and diagnostics for PC disk 
controllers. Minimal requirements include BSEE/CS plus 5 
years related experience in peripheral controller firmware 
design and diagnostics. Experience with IBM PC BIOS, 
Intel 8049, 8051, 8086 microprocessors, ‘C’ and 8086 
assembly languages preferred. 


Senior Hardware Engineer 

Responsibilities include hardware design/sustaining for 
floppy/hard disk controllers. Knowledge of IBM PC 
products, BSEE/CS, and a minimum of 5 years experience 
are essential. Familiarity with firmware desired. 


Senior IBM Program Manager 


Will administer multiple IBM programs, from conception 
through long-term production. Requires a Bachelor’s degree 
in Engineering Technology, a minimum of 3-5 years 
computer industry program management experience, plus 
strong interpersonal, communication and supervisory skills. 
MBA desired. 


IC Designers 

Requires 6-7 years experience in IC design with CMOS 
SIGATE double metal technology. CALMA preferred. 
Custom and microprocessor background is essential. 


Senior LSI Product Engineer 


Will provide technical administration and program 
management for LSI devices, from conception through 
development. Encompasses all RLL monitor and silicon 
qualifications. Significant customer contact will be involved 
to reconcile LSI issues. Requires BSEE/Physics plus 
extensive knowledge of LSI processing and CORL customer 
requirements. 


Process Engineers 

Will be responsible for diffusion ion implantation, 
photolithography and thin films. Requires BS degree and 
2-5 years experience, including NMOS/CMOS. 


Western Digital offers a life-enhancing location, 45 minutes 
south of Los Angeles and adjacent to Newport Beach. We 
also offer competitive compensation and benefits, plus a 
generous relocation package. To explore our on-going 
career Opportunities, send your resume to: Western Digital 
Corporation, Human Resources Dept. EDN-C11, 17900 
Von Karman Ave., Irvine, CA 92714. Equal Opportunity 


Employer. 
WESTERN DIGITAL 
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SHIPBOARD 
ELECTRONIC 
WARFARE 


SENIOR EW 
SYSTEMS ENGINEERS WANTED 


Eaton Corporation has a select group of pro- 
fessionals in Westlake Village dedicated to 
bringing high technology to Navy Surface EW. 
We are growing, and we're looking for Senior 
EW Systems Engineers, preferably with surface 
EW experience. 


The Westlake Village/Thousand Oaks area is 
one of Southern California’s most beautiful 
communities and is just 20 minutes from the 
Pacific Ocean and about 45 minutes from 
downtown Los Angeles. AIL Westlake Opera- 
tions has the freedom and the environment 
Of a small research and development center, 
along with the advantages of being part of the 
largest EW company in the industry. If you have 
the drive and initiative required of a business 
expansion venture, as well as the following 
background, we would like to talk to you. 


A minimum of 10 years of experience in the 
development of concepts for advanced Elec- 
tronic Warfare Systems including one or more 
of the following areas: 


¢ Threat Analysis & Simulation 

« System Concept Formulation 

« System Upgrade Design 

¢ Mathematical Analysis of EW System 
Performance 

¢ Specific Emitter Identification 

¢ Requirements definition including 
preparation of specifications, interface 
control documents, test plans, etc. 


For immediate consideration send resume with 
Salary history to W.F. Smith, Manager, APPLI- 
CANTS ONLY, U.S. CITIZENSHIP REQUIRED. Eaton 
Corporation, 31717 La Tienda Drive, Box 5009, 
Westlake Village, California 91359. An Equal 
Opportunity Employer M/F. 


~TeN 
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ERIM researchers are investi- 
gating numerous topics in the 
field of radar image processing, 
including speckle reduction and 
synthetic image generation. 


Due to the coherent nature of 
the synthetic aperture radar 
imaging process, radar images 
suffer from a disturbing speckle 
noise. This “salt-and-pepper”’ 
appearance of the imagery is a 
hindrance to the performance of 
radar image interpreters as well 
as automatic recognition 
algorithms. Conventional 
speckle reduction techniques, 
such as noncoherent integration 
of multiple looks and median 
filtering, degrade image resolu- 
tion and thereby blur key image 
features such as edges and 
point returns. 


To overcome this difficulty, 
ERIM researchers developed a 
nonlinear speckle reduction 
algorithm based on geometric 
concepts. The method 
iteratively applies a sequence of 
neighborhood processing 
operations based on the “digital 
convex hull’. As shown below, 
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this algorithm preserves edges 
and strong returns in the image 
without resolution degradation 
while smoothing speckle. 


The ability to synthetically 
generate radar images of 
modelled objects has many 
important advantages. These 
include imaging of objects which 
do not physically exist, inter- 
active object design via 
changing of object material 
properties or shape, and 
avoidance of costly sensor 
collections. 


ERIM’s staff have developed a 
hardware/software system 
capable of producing realistic 
radar images of modelled 
objects. A combinatorial solid 
geometry model! of the object is 
first generated from available 
plans and photos. This model is 
then input to a module which 
emulates the electromagnetic 
interaction between radar and 
object. Important features such 
as multiple reflections, 
shadows, range layover and 
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added noise are faithfully 
portrayed in the resulting 
imagery. Extension of this 
capability to include IR and 
optical wavelengths is now 
underway. 


The Environmental Research 
Institute of Michigan CERIM) is 
a scientific research institute 
that performs contract 
research services for a vanety 
of sponsors. Our sponsors 
include government organiza- 
tions, industry, and universi- 
ties. Research at ERIM 
focuses upon remote sensing 
systems, devices, and tech- 
niques that span the electro- 
magnetic spectrum. Within this 
broad research area, staff 
members employ their Knowl- 
edge of modern electronics, 
optics, computer science, and 
infrared and microwave 
physics. 


ERIM’s Radar and Infrared & 
Optics divisions have research 
and management positions 
available in Ann Arbor, MI, 
Washington, DC, and Los 
Angeles, CA. Positions are 
available at several levels in 
the following areas: 


® Radar System Engineering 
and Analysis 

®@ Signal and Image Processing 

® Microwave Scattering and 
Measurement Engineering 

@ Diffractive Optics 

® E-O/IR System Design and 
Analysis 

® Infrared Phenomenology 

® Computer Vision 

® Optical Computer Systems 

®@ Phase Retrieval/Signal 
Reconstruction 


All positions require a BS, MS, 
or PnD in engineering, physics, 
mathematics, or statistics, 
along with appropnate work 
experience. Salary and ben- 
efits are highly competitive. 


For details, telephone (313) 
994-1200, ext. 260. Or send 
your resume to Personnel 
Administrator, Dept. EDN1-9, 
ERIM, P.O. Box 8618, Ann 
Arbor, MI 48107. 


U.S. Citizenship required 
Equal opportunity employer 
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Harris Semiconductor 


Field Application 
Manager 


Mountain View, California 


Finally the opportunity to make your own personal impact on 
the high-tech market working face-to-face with the very best 
in the industry...our customers. 


ENGINEER 


ae 
MANAGER 
TEST ENGINEERING 


ITT Aerospace/Optical Division, located in Fort Wayne, 
Indiana, has an opening for a Manager of Test Engi- 
neering to manage its systems and production test 
engineering function. The selected candidate will 
be responsible to procure equipment, establish test 
plans, procedures, and software and provide techni- 
cal support of test personnel. 


The successful applicant will have a BSEE and 8 or 
more years experience in military communication 
production hardware that includes ATE design and 
build for special applications. 


Fort Wayne, recipient of both All America City and Most 
Livable City awards, boasts plenty of affordable hous- 
ing and some of the country’s finest school and park 
systems. We offer competitive salaries and benefits 
program. lofindout more, direct your resume to Larry 
Haynes, ITT AEROSPACE/OPTICAL DIVISION, PO. Box 
3700, Fort Wayne, IN 46801. 


At Harris Corporation’s Semiconductor Products Division, you 
will be backed by innovative and proven CMOS, bipolar and 
Dielectric isolation processes; an outstanding development 
team and an energetic sales force. 


This combination of technical expertise and marketing know- 
how ensures our applications of advanced analog IC theory 
and CMOS technology will result in effective and practical 
solutions to the tough systems development decisions faced 
by the top designers in the high performance op amp, data 
acquisition and telecommunications military markets you will 
serve. 


Join us in the challenge of helping our customers design the 
most sophisticated data acquisition, and telecommunications 
systems in existence. Assist our technical sales force through 
presentation of application’s seminars and on site customer 
assistance. 


AEROSPACE/OPTICAL DIVISION 


An Equal Opportunity Employer M/F/H 


Research Scientist 
Perform research in the areas of advanced 
computer architectures and computer-aided 
design (CAD) tools. Investigate digital system 


The qualified candidate will have a BSEE and at least five 
years’ experience in analog system level design, including 
product definition at the system and/or the component level. 
Must have broad knowledge of analog end-use markets and 
semiconductor applications. 


ENGINEER- 


The Products Division of Harris Semiconductor offers an 
excellent compensation and benefits package which includes 
a vehicle allowance, a 401k savings program and profit shar- 
ing retirement plan, shared-premium life and major medical 


plans. 


For immediate consideration, send your resume and sal- 
ary requirements to: Ron Skellie, Professional Staffing, 
Harris Semiconductor, Products Division, MS 53-003, Dept. 
187, P.O. Box 883, Melbourne, FL 32901. We are an equal 


opportunity employer M/F/H/V. 
U.S. Citizenship Required 


HARRIS 


WE HAVE BUILT 
A REPUTATION... 


Corporate Directions is a search 
& recruiting firm, building relation- 
ships, not just with our client- 
companies, but with our can- 
didates as well. 

Engineering professionals come 
to us because we can offer them 
individual choices; both profes- 
sionally and geographically. 

We have fee-paid openings, na- 


tionwide for degreed, experienc- 
ed engineers in all disciplines. 


Send resume in confidence to: 


CORPORATE DIRECTIONS 


4202 E. Ahwatukee Dr. 
Phoenix, A 
(602) 893-3523 
We have built a reputation based on 
honesty, discretion, and 
professionalism. 


Reduced 


Recruitment 


Rates! 


Place equivalent space 
in both EDN Career 
Opportunities and 

EDN Career News in 
the same month and get 
a ¥3 discount off the 
Career News rate. 


SENIOR PROJECT 


Challenging opportunity at Mechanical 
Products, Inc. for an individual to per- 
form electrical systems project 
engineering tasks. This involves a highly 
visible, rewarding, long term solid state 
application. Extensive experience in 
power semi-conductors system design 
and application is required. The can- 
didate should have a working knowledge 
of Mil-Specs and approval agencies’ 
procedures. The applicant should have 
7-10 years experience in an industry 
which utilizes this technology. We offer 
a competitive salary and excellent fringe 
benefits. Please send resume to: 


MECHANICAL 


PRODUCTS, INC. 


1824 River St. 
P.O. Box 729 
Jackson, MI 49204 


Equal Opportunity Employer 


Position: Communications Design Engineer; 
72 hrs. per week., 9am-5pm, Sal.: $27,075 
per yr., Reqs: Bachelor of Science in Com- 
munication Engineering including one 3-credit 
hour course covering each of the following: 
Antenna Design & Synthesis; M68000 
Assembly Programming Language; Analogue 
Communication Systems; & Digital Com- 
munication Systems. Duties: Develop software 
applying M68000 Assembly programming 
language used in controlling functions of body 
movements for animated characters distributed 
to clients for commercial promotions; design 
new antennas for greater range & clearer recep- 
tion of VHF/FM signals, thereby demodulating 
& then decoding the digital data transmitted for 
use in the remote controlling of promotional 
robots manufactured by our Company for trade 
shows & exhibitions. Send resumes to: Illinois 
Job Service, 401 S. State, 3-South, Chicago, 
ll. 60605 Attn: Mrs. S. Chalem, Ref. #6370-S 
AN EMPLOYER PAID AD. 


w 


sysnthesis techniques and use hardware 
description languages as a vehicle for develop- 
ing asystem for automating the design of VLSI 
circuits for special-purpose and parallel- 
processing applications. Implement developed 
tools using high level programming languages 
(PASCAL, C) on a unix-based workstation 
environment. 

Requires MS in Electrical Engineering or 
Computer Science. Requires experience gain- 
ed through graduate level coursework/research 
experience or six months experience with: 
Computer Architectures and digital systems, 
VLSI design methodology, parallel processing 
systems analysis and design, design of special 
purpose processors, hardware description 
languages and programming languages, and 
compiler techniques. Requires education/ex- 
perience with Unix/VMSon VAX class com- 
puters, PASCAL, C and the use of CAD tools 
for VLSI design support. Salary $2,960.00 per 
month. 

Submit resumes to: Mr. R. Tibbetts T-126 
Minnesota Dept. of Jobs & Training 
690 American Center Bldg. 

150 E. Kellogg Blvd. 
St. Paul, MN 55101 


Sunbelt opportunities 
in engineering 
1-800-428-4406 toll free 


First in Readership Among Design 
Engineers and Engineering 
Managers in Electronics 
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MARTIN MARIETTA ORLANDO AEROSPACE 


MASTERMINDING THE 
ADVANCED TECHNOLOGY OF 
ATE AND ELECTRO-OPTICS 

IN ORLANDO, FLORIDA 


integration and computer 
controlled test systems 1s 
required. 


CIRCUIT CARD TEST 


SYSTEMS DESIGN 
BSEE with experience in the 


more of the following areas: 
Common Module FLIR, 
Digital Scan Converter FLIR, 
TV Optics, Zoom Optics, 
CO2 Laser, and ND:YAG 
Laser. Knowledge of digital 
image processing of com- 


Martin Marietta Orlando 
Aerospace is dedicated to a 
standard of excellence that 
exceeds the industry norm, 
achieving a level of sophisti- 
cation that goes beyond 
state-of-the-art. 


It’s part of the reason 
we ve been successful with 
major advances like 


LANTIRN 
ON F-16 


LANTIRN, a night naviga- 
tional and targeting system 
for jet attack aircraft, or 
ADATS, the autonomous, 
self-propelled short range air 
defense weapon system with 
antitank capability. 


We are into full fledged 
production on some of the 
most critical electro-optical 
and fire control systems con- 
tracts in the aerospace 
industry, utilizing the latest 
available technologies. 


ATE DESIGN ENGINEERS 
BSEE and 2-5 years ex- 
perience in the design of test 
equipment to test circuit 
cards, sub-assemblies or 
systems. You must have a 
working knowledge of 
automatic test equipment 
(ATE) hardware design and 
applications software 
development. Your ability to 
determine test equipment 
ATE requirements and a 
strong knowledge of system 


design of test adaptors and 
the development of applica- 
tion test programs for digital 
and analog circuit card. Ex- 
perience with Teradyne L200 
and LASAR 5.3 and/or 6.0 
preferred. 


ELECTRO-OPTICAL 
ENGINEERS 

Qualified candidates will 
design, build and prove out 
test equipment for precision 
electro-optical systems. 
Technical aspects of work in- 
clude integration of electro- 
mechanical, electronic and 
electro-optical subassemblies. 
Candidates should have a 
BSEE or optical physics 
degree along with a minimum 
of 3 years experience in the 
design and development of 
Electro-Optic systems and/or 
test equipment. Your experi- 
ence should be in one or 


AMF TIR VAMPIRE TTA 


EDN January 8, 1987 


Reader Vote No. 9017 


puter automated test techni- 
ques desired. 


When you join Orlando 
Aerospace, you'll find the 
excellent salary, complete 
benefits and liberal relocation 
policy you’d expect from an 
industry leader. Our location 
offers year-round social, 
cultural and recreational 
activities as well as no state 
income tax. 


To learn more about our 
company, location and oppor- 
tunities, forward your 
resume in confidence to: 
Martin Marietta Orlando 
Aerospace, Mr. Gary 
Pollard, Employment 
Department, EDN-18, 
P.O. Box 5837, MP #9, 
Orlando, Florida 32855. 


We are an equal opportunity 
employer. U.S. citizenship 
required. Principals only, 
please. 


ee 


TEST INSTRUMENTATION 
DESIGN ENGINEERS 


General Electric has been 
selected to lead a multi-year 
program to design 

a new generation of 

Test Instrumentation & 


O 


EIDIN Databank 


Professional Profile 


Announcing a new placement service for professiona! engineers! 


A E. S ste i } 1S To help you advance your career. Placement e The computer never forgets. When your e Your background and career objectives 
Services, Ltd. has formed the EDN Career type of job comes up, it remembers you're will periodically be reviewed with you by 

News Databank. What is the Databank? It is a qualified. a PSL professional placement person. 

computerized system of matching qualified © Service is nationwide. You'll be We hope you're happy in your current posi- 
candidates with positions that meet the considered for openings across the U.S. tion. At the same time, chances are there is an 

applicant's professional needs and desires. by PSL and it's affiliated offices. ideal job you'd prefer if you knew about it. 


What are the advantages of this new service? PE That's why it makes sense for you to register 
© Your identity is protected. Your resume with the EDN Career News Databank. To do so, 


It's absolutely free. There are no fees or P 
: iro. y : pola screened to be sure = not —_just mail the completed form below. along with 
ie, Sent 18 your Camp any ace ee a copy of your resume, to: Placement Services. 


We are now entering the 
full scale development stage 


organization. Ltd. Inc. 

of this potential $2 billion project. 
PRESENT OR MOST RECENT EMPLOYER 

CASS (Consolidated Automated Support System) will SiReeee os sn Sa) 
be a totally integrated system incorporating new 
hardware and software specifically designed to — —— ress 
standardize and consolidate test instrumentation ——t = am = 
systems for naval aircraft and shipboard systems. To 
accomplish our objective, General Electric’s Automated 


Systems Department in Huntsville, Alabama will be 
recruiting technical professionals who are ready to 
design and develop a whole new generation of 
integrated test instrumentation and ATE hardware and 
software systems. 


POSITION DESIRED 


ee Prat ee = ia wo: Tite: 


Test Instrumentation Design Engineers will perform 


circuit design on a wide range of RF, analog and digital 

instrumentation. You will also participate in the 

development of requirements specifications, technical 

concepts and plans for instrument designs. dene seth cats 

Requirements include a BSEE (or equivalent 

education/experience), previous exposure to CAE/CAD 

systems and extensive design experience with any of 

the following: Spectrum Analyzers, Vector Voltmeters, 

Digital Multimeters, Digital/Analog Oscilloscopes, Logic arta aos e ae re 
Arrays, Signal Processing Hardware, Network Division; —________Type of Industry Salary 


Duties and Accomplishments: 


Analyzers, Synthesizers, Waveform Recorders, Pulse 
Generators, Custom Bipolar/CMOS and ECL. 


These positions are available at General Electric’s 
Automated Systems Department in Huntsville, 
Alabama. For those of you unfamiliar with Huntsville, 
you might be interested in a few facts. Huntsville, 
Alabama is home to more Fortune 500, advanced 
technology firms than many of America’s largest cities. 
Yet, our cost of living (approx. 80% of most metro 
areas), our educational and cultural facilities, and the 
general quality of life in Huntsville make our 
community one of the most “liveable” in the nation. 


COMPENSATION/ PERSONAL INFORMATION 


_) Lown my home. How long? 


Years Experience Base Salary Commission Bonus 


Date Available | Will Travel 
C Light \) Moderate () Heavy 


Employed “) Self-Employed ‘) Unemployed 


Total Compensation 


trent my home/apt. () 


Height Weight 


My identity may be released to: [) Any em 


Level of Security Clearance ) Allbut cn ca employer 


0 Witt RELOCATE (1 WILL NOT RELOCATE OC OTHER 


Databank 


A DIVISION OF PLACEMENT SERVICES LTD., INC. 


265 S. Main Street, Akron, OH 44308 216/762-0279 


General Electric offers a competitive salary and 
benefits package, relocation assistance, and continued 
opportunities for both management and technical 
development. For immediate consideration, please 
forward your resume, including salary requirements, to: 
General Electric Automated Systems Department, 110 
Wynn Drive, Huntsville, AL 35805, Attn: Dept. B2-EDN. 
U.S. citizenship is required. An equal opportunity 
employer. 
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is Making a Name 
For YOURSELF 


@ MOLDED PLASTIC 
NAMEPLATES 
Economical, eye-appealing and 
durable. They will sell your 
name every day your products 
are in use. 


@ DIE CAST ZINC 
NAMEPLATES 
There's no better way to 
imaginatively and effectively 
prove your pride in the 
products you sell. 


@ OVERLAYS & SWITCHES 
Exceptional design flexibility 
and outstanding visual appeal. 
Completely compatible with 
Douglas Membrane Switches. 


® SCREEN PRINTED 
NAMEPLATES. 
Handsome and sparkling 
bright. Use them to advertise, 
identify, instruct, inform, control 
and decorate. 


@ THERMAL DIE CUT 
EMBLEMS & ALUMINUM 
DATA PLATES, TOO 


16-page, 
full-color 
Designers 
Guide to 
Nameplates 


= DOUGLAS 


CORPORATION 


* 


620 12TH AVENUE SOUTH 
MINNEAPOLIS, MN 55415. 


PHONE (612) 333-8911 
CIRCLE NO 168 
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LOOKING AHEAD 


Electromechanical-switch 
market draws foreign entries 


With their eyes on a projected $1.5 
billion market by 1991, foreign man- 
ufacturers of electromechanical 
switches are expected to provide 
more devices to US customers, ac- 
cording to the market-research com- 
pany Venture Development Corp 
(Natick, MA). Right now, only 7.6% 
of the switches sold in the US are 
imported, a total that closely 
matches the level of US switch ex- 
ports. The 1985 US market for elec- 
tromechanical switches was worth 
$1.1 billion; a 5% annual growth rate 
is thus expected. 

The threat of foreign competition 
varies according to the market seg- 
ment, in a pattern that’s familiar to 
other US industries. US manufac- 
turers of high-volume, low-cost 
switches face a very real and very 
serious threat, says VDC. Produc- 
ers of such products as thumbwheel 
or rocker switches, which are re- 
garded as “less standard” products, 
have less to fear. Still, says VDC, 
the direct and indirect impacts of 
foreign competition will increasing- 
ly affect, US switch makers. 

Both European and Asian compa- 
nies are supplying, or planning to 
supply, electromechanical switches 
to the US market. Some of these 
companies are already well estab- 
lished in the US; many others are 
start-up companies entering the US 
market for the first time. These 
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companies are typically quite ag- 
gressive, says VDC. Presuming the 
US dollar stays strong on foreign 
markets, foreign companies can be 
expected to gain a share of the elec- 
tromechanical-switch market at the 
expense of domestic switch manu- 
facturers. 

The upshot of this news, says 
VDC, is that US switch makers can 
no longer form comprehensive, com- 
petitive strategies without consider- 
ing the global electromechanical- 
switch market. A successful global 
strategy rests on the ability to re- 
duce the cost of production, to gain 
the appropriate international appro- 
vals, and to revise product lines for 
international appeal, among other 
things. As in other industries, one 
possible outcome—with mixed con- 
sequences for the US economy and 
US citizens—is the movement of 
production facilities to offshore 
locations. 


Fiber-optic communication 
threatens switch market 


Any purchaser of equipment for a 
communications network must bal- 
ance the cost of the components that 
carry voice, text, and data informa- 
tion—the transmission facilities— 
with the cost of the switching sys- 
tems that direct the information. In 
recent years, information-switching 
equipment has become very sophisti- 


cated—and expensive. Switches, 
however, have remained a sound 
economic alternative to establishing 
direct, point-to-point connections 
between facilities that need to com- 
municate with one another in a net- 
work, whether in a business net- 
work or in the public sector. Now, 
the economics of this tradeoff have 
been “radically altered by the arriv- 
al of fiber optics,” says International 
Resource Development Inc, a mar- 
ket-research company based in Nor- 
walk, CT. 

The chief virtue of fiber-optic 
transmission is its ability to carry 
high volumes of information at high 
speeds. It even promises to make 
the transmission of pictorial infor- 
mation fast, easy, and inexpensive. 
“Nothing else will be able to touch 
fiber optics for cheap wideband 
transmission,” says IRD researcher 
Lawrence D Gasman. This abun- 
dance of capacity, Gasman predicts, 
will eventually lead to a reduction in 
the cost of point-to-point transmis- 
sion, so that a network may no long- 
er need a switch in some locations 
where a switch once served. 

IRD predicts an era of more cen- 
tralized switching and a move away 
from the present, complex switch- 
ing hierarchy of local and regional 
switching centers. As a conse- 
quence, backhauling—the switching 
of circuits over “apparently geo- 
graphically irrational” routes—will 
become more common as the use of 
switches decreases. 

IRD reports, however, that the 
familiar bureaucratic crawl of regu- 
latory authorities could slow down 
the rate at which carriers move to- 
ward networks based on fewer 
switches. Making the necessary 
changes in equipment for this move 
requires higher depreciation rates, 
which increase telephone rates, at 
least temporarily. Because regula- 
tory agencies are under pressure 
not to pass on rate increases to the 
public, they are not inclined to act 
quickly. 
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Making the Connection Between... 


From standard membrane 
switches to custom hybrid control 
panels, Molex makes the connection. 
Molex’s high quality, pretested 
switch assemblies integrate LED’s, tactile 
feedback, cable interconnections, and 
switches into one compact, custom design. 
We eliminate the need for the complex and costly 
assembly of separate parts. With Molex assemblies you'll 
lower applied costs, improve reliability, and reduce the number 
of vendors you must deal with. Molex has the economical, 
dependable solutions to all your touch panel needs. 


Unique hybrid switches 


e 2e 8 ° combine LED’, tactile 
Rigid Molex quality standards mean long life, low cost, ‘Secttbtick: Peters 
and zero defects. flat cable, and connector 
You can depend on Molex for quality. We’ve got one of het oe “ayective 


industry's most comprehensive quality control programs. Our 
high-precision tooling and intensive quality efforts result in 
membrane switches that last longer and cost less while providing 
an uncommonly high level of reliability. 


Quality products and dependable 
service worldwide. 

Our multi-national organization offers 
you design, manufacturing, and technology 
from around the globe, with dependable supply 
and local service. Look to Molex. We can help 
you find the answers that turn switches into 
pre-assembled performance leaders. Ask for our cea ee aco 
24-page technical brochure on pushbutton and cee jokes sees 
membrane switches. time and money. 


We eliminate the costly need 
for assembling multiple 
components by providing all- 


in-one switch designs. 7 
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Keep your mainframe in touch: 
Send your remote PCs a card! 


If a telephone line goes to wherever your remote 


Sync-Up boards may be specified with soft- 
PCs are, Sync-Up™ from UDS can now link them ware to support 3270 BSC, 3270 SNA or a variety of 
directly to your mainframe! 


other protocols. For complete technical data and 
Sync-Up fits acomplete synchronous modem 


quantity prices, contact Universal Data Systems, 
and a protocol converter onto a single card; no 5000 Bradford Drive, Huntsville, AL 35805. 
other modules are required. Add appropriate UDS- Telephone 205/721-8000; Telex 752602 UDS HTV. 
supplied software, and you'll have a fast, reliable 
micro-to-mainframe link. If your system is already . 
supporting 201C, 212A, 208A/B and/or 9600B Universal Data Systems 
modems, no modifications are required at the 


(M) MOTOROLA ING. 
mainframe end. 


Information Systems Group 


Created by Dayner/Hall, Inc., Winter Park, Florida 
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k duces costs... 


Once again, Signal succeeds 
in establishing another break 
through for specifiers 


, , ine ss  1E Th 
ard transformer line designed 


to meet all critical international specifica-™ 
tions, i.e. VDE, IEC, CSA, etc., as well m 
as the new emerging generation 
of UL standards. And, as always, 


we're stocked in depth for immediate 
PRONTO delivery. A new dual, high- 
temperature Mj - 

bobbin 

with an 

insulating 

shroud 3 

is featured on all models. An immediate bene- 
fit is better performance and lower costs than 
conventional split-bobbin designunits. 
ONE.-4-ALL™ SERIES 

(PC AND CHASSIS MOUNTS) 


Available in 2.5 to b75 VA, ONE-4-ALLs are 


packed with highly stable, high-temperature 


material that exceeds UL flammability re- 


quirements. And they're ready to go with an 


overall insulating shroud that provides 4000V 


RMS test voltage and superior isolation. 

So, while ONE-4-ALL transformers offer 
world class performance, re-engineering re- 
resulting in lower prices than 
those of existing split-bobbin types. 


MORE-4-LESS™ SERIES 
With this new design, your 
system can really take off. 
With lighter transformers 
and ¥% less space. Allata 
lower ticket price than most 
competitors. Plus dual screw 
or quick-connect terminals. 


300 to 1000 VA. And nig 
isolation (4000V RMS test). 


ag 
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PRONTO 48-HOUR 
SHIPMENT GUARANTEED 


Our PRONTO service promises to ship your or- 

ders (moderate quantities) within 48 hours. 

Usually we can fillthe entire order. 
So if you're ready to go out in 

the world, get on board with 

Signal's international series 

of transformers. For a copy 

of our latest transformer 

catalog, contact: Signal 

Transformer, 500 Bayview 

Ave., Inwood, NY 11696. 

Phone: (516) 239-5777. 


TRANSFORMERS 
DESIGNED TO MEET 
VDE, IEC, UL AND CSA 

SPECIFICATIONS — : 


